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tilizing value of these deposits and should prove of considerable value as a guide to 
Porto Rican planters. I recommend that it be published as Bulletin No. 25 of this 
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Respectiully, 
P d D. W. May, 


Agronomist in Charg2. 
Dr. A. C. TRUE, 


Director States Relations Service, 
U. S. Department of Agriculture, Washington, D. C. 
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Deposits of bat guano have been reported from the southern 
United States, most islands of the West Indies,' Brazil, Uruguay,’ 
the Philippines, Marianas,* the Federated Malay States,‘ India,’ 
Transvaal,° Egypt, Italy, Sardinia, southern France, the shores of 
the Mediterranean, and Austria-Hungary.’ They evidently occur 
wherever conditions are adapted to the existence of bats im large 
numbers and suitable congregating places are afforded.® 

As the composition of guanos depends more on the leaching, etc., 
to which they have been exposed than on the composition of the 
original substance, many of these deposits are similar to certain 
phosphatic guanos formed by sea birds. The individual deposits 
originating from sea birds, however, are much the larger, for although 
both birds and bats congregate in immense numbers, the birds con- 
sume much more food. 

Scattered through various publications many analyses of bat 
guanos can be found, although apparently no thorough study of the 


1 Cousins, H. H., Local deposits of bat guano, Bul. Dept. Agr. [Jamaica], 1 (1903), No. 6-7, pp. 144-146. 
Ageton, C. N., The origin, composition, and fertilizer value of the bat guanos of Cuba and the Isle of Pines, 
Modern Cuba, 3 (1915), No. 2, pp. 48-59. Miller, C. F., On the composition and value of bat guano, Jour. 
Indus. and Engin. Chem., 6 (1914), No. 8, pp. 664, 665. 

2 Schroeder, J., Composition of bat guano from Uruguay. Rev. Assoc. Rural Uruguay, 44 (1915), No.9, 
pp. 529-531. ; 

3 Kanamori, S., On bat guano from Marianne Islands. Bul. Col. Agr., Tokyo Imp. Univ., 7 (1907), No. 
3, pp. 461-464. 

4 Dunstan, W. R., Report on four samples of bat guano from the Federated Malay States. Agr. Bul. 
Straits and Fed. Malay States, 4 (1905), No. 10, pp. 394-399. 

5 Thompstone, E., Bats’ guanoin Burma. Agr. Jour. India, 4 (1909), No. 4, pp. 379-381. 

6Ingle, H., The Wonderfontein caves. Transvaal Agr. Jour., 3 (1905), No. 10, pp. 217-221. 

7 Fritsch, J., The Manufacture of Chemical Manures, translated by D. Grant, London, 1911, p. 287. 
Riimpler, A., Die kiuflichen Diingestoffe, revised and enlarged by R. Woy, Berlin, 1911, 5 ed., p. 127. 

8 Campbell, C. A. R., The eradication of mosquitoes by the cultivation of bats. Internat. Inst. Agr. 
[Rome], Mo. Bul. Agr. Intel. and Plant Diseases, 4 (1913), No. 8, pp. 1175-1181, pls. 2. In this article, the 
author gives interesting data on the amount of excrement voided per bat and results from an experimental 
bat roost which, he claims, show that it iscommercially profitable to build roosts for the manure yielded. 
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deposits has been made in any one place.’ There is especially a lack 
of information concerning the availability of the nitrogen and phos- 
phoric acid present in bat guanos and the availability of phosphoric 
acid in leached bird guanos. The solubility of the phosphoric acid in 
neutral ammonium citrate can not be considered a reliable measure 
of the availability until supported by vegetation tests, as this chemical 
method is largely empirical and not adapted to all classes of phosphatic 
fertilizers. 

In Porto Rico bat guanos have been used as fertilizers for many 
years to a limited extent, but without much idea of their real value. 
The contents of some caves have been examined at various times by 
different individuals, evidently with a view to expioiting them, but 
the small size of the deposits and the variation of the material prob- 
ably prevented this. 

For an intelligent utilization of these deposits it is obviously neces- 
sary to know the location and chemical analysis of the different kinds 
of material in each deposit and to have some general knowledge of the 
availability of the fertilizing constituents. In the following pages are 
given the locations of the different kinds of material in each cave, 
descriptions of the samples, chemical analyses, and the results of 
vegetation tests on the availability of the phosphoric acid and nitro- 
gen. On account of the great variation in the material, it was neces- 
sary to make a detailed survey in order to give the work local value. 
The availability tests have a certain value for bat guanos and leached 
bird guanos in general. 


DESCRIPTION OF GUANO DEPOSITS. 


EXTENT OF DEPOSITS 


The hundred or more deposits examined in Porto Rico were all 
found in limestone caves (see Appendix). The size of the indi- 
vidual deposits varied according to the number of bats, the size of 
the cave, and the protective conditions afforded. Most deposits 
were small, the largest being that of ‘‘El Oscuro”’ at Morovis, con- 
servatively estimated as consisting of about 3,000 tons. This agrees 
well with the reports of similar deposits in other countries, which 
apparently are very rarely of great size. The deposit near Cracow 
of 4,000 tons is spoken of as the largest European deposit. Ageton,? 
however, estimates a deposit m Cuba as consisting of some 40,000 
tons of high-grade material. This is the largest deposit yet reported. 

1 Analyses of one or more samples are given in the articles cited on page 3. R.F.Hare,in New Mexico Sta. 
Rpt., 1904, pp. 36-40, gives analyses of some 150 samples of bat guanos. Analyses of a few samples are 
to be found in Texas Sta. Buls. 35 (1895), 51 (1899), and 85 (1906), and in the fertilizer bulletins of some 


other State agricultural experiment stations. 
2 Ageton, C. N. Loc. cit. 
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In most Porto Rican caves the guano forms a layer about 3 feet 
deep over the floor of the cave, although some caverns contain 6 
to 10 or more feet of guano, especially where there are pocketlike 
depressions in the floor of the cave. Most of this material is ready 
for use as it exists. In some cases, however, it contains 10 to 30 
or 40 per cent of stony concretions that should be screened out 
before it is transported any distance. The fresh bat manure requires 
no screening. 


KINDS OF MATERIAL AND MANNER OF FORMATION. 


Although there are no sharp distinctions between the different 
kinds of bat guano, they may be roughly divided into three classes— 
bat manure, decomposed guano, and phosphatic guano. It should 
be borne in mind that this is not a rigid classification, as there are 
all conceivable grades of guanos. The classification is probably 
most useful in considering the formation of the guanos, which will 
be taken up under the description of the three classes of material. 

Bat manure.—Bat manure is, of course, the fresh material voided 
by the bat. Its nature depends chiefly on whether excreted by 
frugivorous or imsectivorous bats. The solid material mn the manure 
of frugivorous bats consists largely of fruit and berry seeds. Sam- 
ples Nos. 376 (Table III) and 828 (Table IV) represent this material. 

Nearly all Porto Rican deposits come from insectivorous bats, 
the solid matter in the manure consisting chiefly of undigested 
parts of msects, as wings, legs, and other chitmous parts. The 
fresh bat manure is easily distinguished from the older guano by 
its peculiar physical nature. It consists of small excremental lumps, 
is dark brown in color, and when dry glistens somewhat, owing to 
the insects’ wings. It has a peculiarly low volume weight, only 
about one-fourth to one-fifth that of other kinds of guano when dry. 

Chemically the fresh manure contains a large amount of chitin, 
the chief constituent of insects’ skeletons, as well as a great variety 
of other chemical substances voided by the bat, among which are 
urea and potassium phosphate. The composition is fairly constant, 
as shown by the analyses of samples Nos. 472, 503 (Table III), 751, 
780, 854, 876, 879, 880, 881, 885, and 977 (Table IV): 


TaBLE I.—Results of analyses of 11 samples of bat manure. 


| 


| Citrate- 
Total 
1; . soluble 
Nitrogen. Sgt oid, ph osphorie 
acid. 


Per cent. Per cent. Per cent. 
13.04 9.74 
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Besides these constituents, the fresh manure contains about 2.3 
per cent potash, 3.5 per cent sulphur trioxid, small amounts of iron, 
alumina, lime, magnesia, and silica, and about 83 per cent of organic 
and volatile matter. 

The nitrogen of the fresh manure is present as insoluble organic 
compounds (proteins, chitin), as soluble organic compounds (urea, 
etc.), and as ammonia and nitrates. In the above samples the nitro- 
gen present as ammonia and nitrate averaged 39 per cent of the total 
nitrogen, although it varied between 4.9 and 73.2 per cent. The 
absolutely fresh manure doubtless contains practically no nitrate 
and ammonia, but under certain conditions they are formed rather 
quickly. In absolutely fresh bat manure, urea and insoluble nitrog- 
enous compounds carry most of the nitrogen. 

A certain amount of this fresh material exists in all caves still in- 
habited by bats, the quantity being determined by the number of 
bats and the conditions for conservation obtaining in the cave. In 
most caves the surface inch or 3 inches of the deposit is fresh manure, 
while in certain dry caves where decomposition is slow there is 3 or 
more feet of undecomposed guano in some compartments.: In other 
caves the fresh material occurs mainly in piles where the bats congre- 
gate. 

As the fresh bat manure is exposed to water entering the cave, the 
soluble constituents are leached down into the rock (generally lime- 
stone) forming the floor of the cave. Thesoluble phosphates and sul- 
phates react with the lime, forming the less soluble calcium phosphates 
and sulphate, while the potash and nitrates disappear in the drainage 
water. As the manure decomposes under bacterial action, the or- 
ganic matter is oxidized, with the formation of carbon dioxid, am- 
monia, and nitric, sulphuric, and phosphoric acids. The carbon 
dioxid and some ammonia pass off into the air, while the phosphoric, 
sulphuric, and nitric acids, leached into the underlying stratum, 
react with the lime. When bacterial decomposition and leaching 
are not complete, the resulting product is decomposed guano; when 
they are complete, the resulting product is a phosphatic guano. 

Decomposed guano.—The decomposed guano is generally brown in 
color and pulverulent, with a much higher volume weight than bat 
manure but lower than ordinary soil. It often contains lumps of 
gypsum, organic matter, or fragments of carbonate of lime. The 
composition is intermediate between that of the fresh manure and 
the phosphatic guano. It contains considerable organic matter and 
gypsum. As this is not a well defined material, no maximum and 
minimum figures can be given for the percentages of nitrogen and 

1 All black surface material high in organic matter is not fresh bat manure. In some caves the surface 


1, 2, 3, or 6 inches of material with some undecomposed insects’ wings contains only 2, 3, or 4 per cent of 
nitrogen. This shows fairly rapid decomposition of the material in moist caves. 
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phosphoric acid, but as a rule it contains 1 to 2 per cent of nitrogen, 
10 to 20 per cent total phosphoric acid, and 3 to 10 per cent of citrate- 
soluble phosphoric acid. Small amounts of nitrates and water- 
soluble potash are often present. Samples Nos. 458, 497, 733, and 
734 are representative of this class of guano. 

Phosphatic guano.—Phosphatic guanos represent what may be 
called the end product of the various reactions and conditions which 
produce the decomposed guanos. Practically all organic matter has 
been oxidized, leaching has carried away all the potash, gypsum, and 
nitrates, and the monocalcium and dicalcium phosphates have been 
converted into tricalcium, ferric, or aluminum phosphates. The 
phosphatic guano, though somewhat similar in appearance to the 
decomposed guano, has a greater volume weight and is generally 
more gritty in texture and lighter in color. Sometimes the color 
isred, owing to the presence of much iron, but it is more generally 
light brown or gray. Phosphatic guano contains practically no 
nitrogen and consists of the insoluble phosphates of lime, iron, or 
alumina, mixed with siliceous impurities. The total phosphoric acid 
content is high unless the amount of siliceous impurities is high. 
Samples Nos. 500, 501, 504, and 509 are of this type. This material 
is physically and chemically similar to old, leached bird guano. 


CONDITIONS AFFECTING THE COMPOSITION OF THE DEPOSITS. 


The great variation in the guano in the same and different caves 
can not be well understood without considering the various condi- 
tions affecting the material. The composition of a guano is deter- 
mined by its age, the amount of water entering the cave, the intrusion 
of soil from without, and the composition of the limestone or rock 
forming the floor of the cave. 

The age of the deposit is of slight importance in determining the 
nature of the material except as it affects the completeness of other 
modifying influences. 

The amount of water entering the cave doubtless affects the 
material more than any other condition. A cave where no water 
enters and where the atmosphere 1s yet sufficiently humid to promote 
bacterial decomposition is likely to contain a guano high in nitrates, 
potash, phosphoric acid, and soluble salts‘ or a product richer than 
the fresh manure, owing to the decomposition of the bulky organic 
matter. Absolutely dry conditions, such as obtaim at the Peruvian 
guano deposits, where moisture is insufficient for much bacterial 
decomposition, will most probably produce a guano of practically 
the same composition as the original material. 

Neither of these extremes exist in Porto Rico, as surface or 
percolating water enters all the caves at times. Where material has 


1 Sample No. 881 approaches this material. 
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been exposed to a flow of water through the mouth of the cave or 
through holes in the roof, it contains very little soluble material. 
Where only a small amount of water percolates through the rock, 
the guano may contain considerable soluble phosphates, gypsum, 
some nitrates, and ammonia. In some cases a leached phosphatic 
guano is enriched, possibly only temporarily, by the infiltration of 
soluble phosphates, nitrogen, and gypsum from other parts of the 
deposit. The accumulations of gypsum which sometimes occur in 
certain parts of a deposit are evidently due to the evaporation of 
leachings from other parts of the deposit. 

Aside from the translocation and removal of soluble materials, 
water affects the composition of a guano by influencing the course 
of bacterial decomposition. In some instances quantities of fresh 
manure have become so saturated with water as to undergo an 
anaerobic bacterial decomposition, probably similar to that resulting 
in the formation of peat. Similar material is formed when a layer 
of fresh manure becomes covered with a crust of carbonate of lime 
or a slide of other guano. This material is not very common, but 
is easily recognized, as it is black rather than brown in color and 
shrinks enormously on drying. It contains a large amount of organic 
matter and considerable nitrogen. Samples Nos. 502 (Table ITI) 
and 786 and 982 (Table IV) represent this material. 

Occasionally earth is carried in through the mouth of the cave or 
through holes in the roof which, becoming admixed with the guano, 
renders it of little value. Samples Nos. 802, 804, 805, 813, 919, 
1007 (Table IV) are representative. 

The character of the rock forming the cave determines largely the 
composition of the leached or phosphatic guanos. Where the cave 
is formed in pure limestone and there are no intrusions of soil, 
the phosphatic guano consists chiefly of tricalctum phosphate. 
This is true of some of the leached bird guanos found on Mona Island. 
Where the rock, however, contains considerable iron, alumina, and 
silica, or these elements are brought in by water, the phosphatic 
guano may consist largely of phosphates of iron and alumina with 
siliceous impurities, as shown by the analyses of samples Nos. 501, 
504, 505, and 509 (Table III). 


VARIATION OF MATERIAL IN THE CAVE. 


Most caves contain a large number of different kinds of guano, 
varying from the fresh bat manure to the leached phosphatic guano. 
While the general classes of material are more or less apparent to the 
eye, little can be told about the percentages of the fertilizing elements 
from the appearance. ; | 

Hardly any rule can be given concerning the variation in guano in 
different parts of a cave. In some cases the guano below the fresh 
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surface is fairly uniform at different depths, while in other cases it 
varies considerably. The same is true of the lateral variation. 
In some caves the material in different caverns or compartments 
is fairly uniform, while in others it is not. Generally the material 
is likely to be more uniform at different depths than in different 
parts of a cave. Analyses illustrating these points are afforded by 
samples Nos. 497 to 500, 772, 774, 775, 777 to 779, 788 to 791, 792 to 
794, 843 to 845, 848 to 850, and 856 to 859, as may be seen by re- 
ferring to a description of the samples in Table IV. 


CHEMICAL ANALYSES OF SAMPLES. 
METHODS OF ANALYSIS. 


In preparing the samples for analysis and for vegetation tests, all 
were passed through a 1-millimeter sieve, except the fresh bat manure. 
This could be done by pulverizing without grinding. Occasional pieces 
of limestone or stony concretions not readily pulverized were dis- 
carded. In this way, a fair sample of the utilizable material was ob- 
tained, as the large lumps of nonpulverulent material have little 
fertilizing value and should be screened out before transporting the 
guano from the cave. 

The usual analytical methods of the Association of Official Agricul- 
tural Chemists were used when possible. Samples containing much 
organic matter were ignited with magnesium nitrate before deter- 
mining the total phosphoric acid. Lime was determined by the 
Glaser method as modified by Jones.+ 

The total nitrogen in most samples was determined by the Kjeldahl 
method modified for nitrates, as nearly all samples contained more 
or less nitrate. The nitrogen present as ammonium salts was deter- 
mined in a water solution of the guano by direct distillation with 
sodium hydroxid. Nitrates were then determined in the same solu- 
tion by distillation with the further addition of zine and iron. The 
results for ammonia thus obtained may sometimes be slightly in 
excess of the true values, as the sodium hydroxid may have 
attacked organic nitrogenous compounds, but they are accurate 
enough for practical purposes. 

All percentages are calculated on a moisture-free basis. It should 
be borne in mind that the ordinary air-dried guanos contain 3 to 15 
per cent of moisture, and that the percentages calculated on an 
air-dry basis would therefore be somewhat lower. In the ordinary 
cave, the guano, before air-drying, contains a very high percentage 
of moisture, as may be seen from Table II, which gives the moisture 
content of different guanos from two caves of about average dryness. 


1 Wiley, H. W. Principles and Practice of Agricultural Analysis. Easton, Pa., 1908, vol. 2, 2. ed., 
p- 236. 
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TaBLE II.— Morsture content of guanos in the cave. 


Laboratory Moisture Laboratory Moisture 
number. content. number. content. 
Per cent. Per cent. 
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FNS ae ye rl 55. OH O09 oa. SEI. 14. 64 
1 Oe a a tee ah 44.62 


COMPLETE ANALYSES OF REPRESENTATIVE GUANOS. 


Before the systematic survey of the caves was commenced, a num- 
ber of samples were subjected to a complete analysis to gain an 
idea of their general composition and to find whether the amount 
of citrate-soluble phosphoric acid ‘. varied with the quantity of any 
other constituents, as iron and alumina, lime, or sulphates. The 
analyses are given in Table III. : 

The method of calculating the monetary value of the samples in 
Tables III and IV is described in a subsequent part of this report. 


1 Citrate-soluble phosphoric acid in this bulletin refers to all phosphoric acid soluble in neutral am- 
monium citrate, i. e., water-soluble phosphoric acid plus that insoluble in water but soluble in ammonium 
citrate. 
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It can be seen that no one constituent showed any regular varia- 
tion with any one other constituent in all the samples. The amount 
of citrate-soluble phosphoric acid did not show any correspondence 
with the amount of nitrogen, potash, sulphates, lime, iron, or alumina. 
All constituents varied greatly in the different samples except mag- 
nesia, which was uniformly low, and potash, which was practically 
negligible in all except the two samples of fresh bat manure. Sample 
No. 263 contained 15.68 per cent of carbonate of lime, this being the 
only sample with an appreciable amount of carbonate. 


PARTIAL ANALYSES OF SAMPLES TAKEN IN SURVEY OF 
DEPOSITS. 


The samples taken in the course of the survey of the different 
deposits were, as a rule, analyzed only for total nitrogen and the 
various forms of phosphoric acid. When from a preliminary exami- 
nation it seemed worth while nitric and ammoniacal nitrogen were 
determined.t Descriptions of the different samples and the re- 
sults of the partial analyses are given in Table IV. 


TaBLeE JV.—Analyses of guanos, with their approximate values. 


Lab- Total | Nitro-| Nitro-| Tt! | ‘solu- pase Brow 
ora- | Name or location of Sian nitro- | gen as| gen as phos-| "pie | Solu- | imate 
Description. -“~ | phoric ble | value 
tons es Bert Shoei) te ohaeidae eos phos-| per 
No. (N). jmonia.} trate. (P Os) phoric| soric aie 
Soe acide eae 
acid. | ton 


751 | Barrio Monte Grande, | Fresh bat manure...| 10.81 | 2.04] 1.15 | 6.51 |....... | §.45 | $26.89 
San German. 
“‘La Tuna,” Barrio La 
Tuna, Cabo Rojo: 


Tie Section Ass. 5: Surface to21m.2 =>.) 201 . 09 245 + 8.43 } -0.95'1. 3.43 7.13 
Tie: NO. 533 $e aie GO ie SP eee 4, 28 . 26 59 | 12.07 2. 10 5. 74 Wesoo 
774 Do. Bs. 33 2 GOES MT seh Sie oo ol Rac ae | fae ae 4, 20 76 | 2.08 3. 84 
775 Do. ws Ms 14\t0 Zoi 207 22 BS 2 et cy se tea] teal ae 3. 94 78 1.01 Sa 
776 Section Bao. ied to lA ime 2 Pa ees epee 21. 82 oon eae 6. 87 
Cel Section €25.. 2. Surface to lin.......| 6.63 .44 o42 | \aeae a fO} eek ees 
778 Dose nde oe Lito teins oie AG Eh ar oe Sala ee A 16. 88 |Trace 3. 16 4.08 
779 Doe es -) ee T2 to d80hni 3 3525 3. 3 teen mete faaacs AY 11. 88 | Trace 3. 16 3. 62 
780 Section Di. Surface to 3in....__. 9. 65 42 3. 84 SB DE 239") as 1S) 6S 
783 DeeB ee 2 Fe Siriace-~to- AD in|) O27) oo 2 ale ee ek 17. 08 2571 3a: So 7. 87 
(sides). 
784 Das oe eS 12 to s6ine (sidesye sr] 1-25: |s oS ae 23. 90 ~ £2179 064) AE Se 
785 Section. A202. Mixture of 772, 774, at Bal ee Ae yan Sh et 4. 89 -89 | 2.19 3. 69 
and 775. 
786 Do.seee Ss 2 to 38:in. SAA 5.91 02 35 | 6.64 EPO SCO 7.45 
187.) Cabo Role=.2. 2225425 Mirsi3 it; ofdeposit.|- 19 al 17.38 |Trace.| 3.48 3. 48 
“Los Chorros,”’ Barrio 
Cotui, San Germé4n: 
788 Section: Ce. 22 irs Sins 2 a BSS Alc cere ee ine teeta s 9. 44 16 | 2.25 3. 91 
789 Oot tse. Eaom second Sine {2023252 | 4 AX is Yate ald (GR oe 13. 09 24) 1.95 2. 97 
790 A 3 yh ORLA PRS D Pre tO. se (1 kon Merce babe| th Wars Be 19. 43 234) 255 1. 50 
791 i Bs Mole Pes ae ef Hourth: Sins) 79 ah ie, SAO ihe al ney nets 15. 99 20°) 329 1 er 
792 SeChOn A = 22 SSS a ee 1 OS AR ca eae Want, 28 24. 24 ZA 8. 27 
793 OLE te Gao Io es Second 121 5. 232. tL Rae Dee | paras 24. 87 26 | 6.90] 10.68 
794 Dati ens rds 4 ini ADNES Sot ARE epee . 29 17 | 4.56 6. 00 
795 Section: Bo 2 Atal ein. 2 ete bra OG mR Bees ee 21. 52 2041" Moe 5 3. 67 
796 Section ys <2 78 3 to 40 in. (fine ma- SP dri eee pee Re 21.37 | 0 0 51 
terial lodged _be- 
tween disinte- 


grated stone). 


eS 


| Nitric and ammoniacal nitrogen were not determined in samples of less than 1.50 per cent total 
nitrogen except in special cases. 
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TaBLE IV.—Analyses of guanos, with their approximate values—Continued. 


Lab- ‘ ? Ete Nitro-| Nitro- Potal 
ora- | Name or location o + 4s nitro- | gen as | gen as ; 
tory cave. See gen | am- | sni- pe Seer 
No. (N). |monia.| trate. (P, Os). 
“‘LosChorros,’’etce.—Con. ete Choline ehat bate. 
797 SectroniGs234. 2 Mixture of surface 3 | 2.27] 0.06] 0.25] 11.16 
in. near 788 to 791. 
« Guaniquilla No. I,” 
Barrio Guaniquilla, 
Cabo Rojo: 
798 Section A-s.22-22:- Surface to 3 ft.....-.- GANA EER Dil ident cae ditb 17-25 
799 Section C.....2=:.- Surface to 6ft..-..-- cf cal | pint Boom Leaens 31. 92 
“ Guaniquilla No. II,” 
Barrio Guaniquilla, 
Cabo Rojo: 
800 Section: A... ----+ Surface to 2ft.....-- 19. 13 
SOLE a BOCMOR Bet .cac casks 8 dott soe 18. 67 
802 BOC soe t eels es GQOet eae ose 9.21 
804. | Hacienda, Juanita, bes i}. ..- ... ... 22.4525. 5.- 3.65 
tween Mayaguez and 
Las Marias. 
805 Ly Yelena ttle & iy Metane dt A a Mags: Nee 5.10 
“Boquilla,” Barrio 
Tierras Nuevas, Cam- 
po. Alegre: 
806 pechiom Asst 2 S22) Surface to 6in......- 16. 07 
807 iE Vee eee HG £O.o0 tiisoe S252 Se 38. 57 
808 Section B.....-----] Surface to 3 ft..-....- 12.72 
809 Section C........-- Surface to 6 ft......- 13. 48 
810 Douce 2-25 Sins 1O.GE4b3 2 32: 32. 35 
8il Sectior Di 2 oS. Surface to 3 osaoas: 18. 53 
812 | “ Alta Gracia,’’ Barrio | Surface to 3in....... .50 
El Coto, Manati. 
813 DOR 22s oe oe 360, 8S5ame ) ose ok 50 
“La Laguna,” Barrio 
El Coto, near Campo 
Alegre: 
814 Section A.........- Surface to 12in...... 13. 36 
815 iD Prien tee el eee LF tone i Se 2254: 9. 97 
816 Section B...£.22.4- Surface to 6ft....-.-- 20. 24 
817 | “‘Los Santos,”’ Barrio | Surface to 24in...... 22. 82 
E]1 Coto, Manati. 
818 | “Central Carmen,” | Surface to 3it....-.-- 36. 77 
Barrio Rio Abajo, 
Vega Baja. 
819 | ‘‘Miranda,” Barrio Rio}..... dose 526 See 8. 25 
Arriba, Vega Baja. 
820 | Aguas Buenas......... Surface material..... 5. 08 
821 OE ane Sarath es? 2S First 2} ft. from dry 11.02 
part of cave. 
“La Oscura,’’ Barrio 
Rosario,San German: 
824 Section A..........| Surface to 3 ft....... 15. 86 
825 SpetiowiC s).. 24.022. Surface to 2ft..:.-..- 3. 63 
“El Murciélago, ’’ Bar- 
rio Rosario, San Ger- 
man: 
826 section Ac... osc! Surface to 3 ft....... 5. 82 
827 DOCHOR Ben os St Gry see eee 4.75 
828 Dass seta puri to 2in..- 6. 49 
$29 DOSte.cocasss2 SEO we tes ee eS 6. 76 
830 Section: Cu jcaac.26 delloken talZans.-..- 2.97 
‘‘E1 Colorado, ’’ Barrio 
EHO, an Ger- 
831 Section Ao. 3-- 2] DUTIACS F006 IN...) 4,72 
832 Section B......2:/.| Surface to 12in-:.<. . 4.70 
833 Sechion ©)6 cclaqe = Surface to 9ft....... 1. 46 
834 SOCHOM DN. uct Surface to 24in...... 3. O1 
‘El Convento,” Barrio 
El Cedro, Penuelas: 
841 Section A..........| Surface to 3in....... 16. 66 
842 SeeiiGn Bisco acto os AO ot nts aoe aan 14. 83 
843 dD he Tannen Sie 2 aT SIN {60 52462. 525,25 24. 59 
844 Lt os Be ee 3in. to 3i ih 26. 52 
845 DOs tesa: 3 in. to 5L i See 20. 88 
846 DOs otecwciasnst Mixture of 843, 844, 21.52 


and 845. 


Ci- | Ap- 
veel trate- } prox- 
solu- | imate 
phos. | bie. | value 
are phoric| dry 
acid ton. 
IP MGRS || TEE 
OY at 14. Or tS $3.51 
Trace.| 3.02 1.11 
eay ti tay teeta 8 fe LO be WY 
Trace.| 3.85 4.73 
Trace.| 6.03 7.39 
pacha ra SOS es Tete 
LAs 5:45 4.69 
34 | 5.81 2.81 
5 il iS oes 6. 52 
66.) <5: 60 5. 96 
.79 | 5.68 3. 66 
eae tae 5. 60 6. 90 
eee he sss (ai es aes 
sah a ly ped ap 1.18 
Trace.| 2.39 3.33 
Trace.| 2.27 F258 | 
Trace.| 4.69 4.68 
. 50.1 2.0L 2. 89 
T’0G{. "8:62" |) 10:24 
DAC | 1G. 00- 14 tee oe 
Trace.| 2.58 4.64 
.64) 481 7.97 
Trace 51 244 
Trace - 66 -92 
27 | 4,07 5.78 
-14 | 2.06 2. 88 
pitied eto Do: leek, SO 
-08 | 5.50 6. 22 
sORdk nee eo 3. 35 
fe Aes sete 5 1.31 
Epoake 1. 03 117 
27h PA Sieh 7.12 5.10 
4,44 | 18.66 
Betsy Sf 3.08} 15.03 
SE ede 3.11 8. 57 
n= et 3. 00 PCY 
Ne ale 4.02 8. 68 
epee 2. 48 9.10 
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TaBLE 1V.—Analyses of guanos, with their approximate values—Continued. 


Lab- 
ora- 
tory 
No. 


Name or location of 


iption. 
ee Description 


885 


911 


915 


916 
917 


“El Convento,’’ etc.— 


Contd. ; 
Section ©.2 235 Surface to 3in.....-.. 
AD Os) ee ae Sn: €045ib4ec 4... 
Dis Pied joa ravage he Cees 
DO Gam 3 Ske 3in. to 5h Te eet ee 
11 7 eRe me Sy be 


and 850 
‘‘Mapancha,’”’ Barrio 
El] Coto, Pefiuelas: 


Section As i ti2 2 El Sariace to S)8b ss. 2k 
Section B.........| Surface to i8in..... 
section ©. 2: 2222232 Surface to 6in. 


‘*Pascual,’’ Barrio El 
Cedro, Pefiuelas: 
Section A.... 


SECLIONSD = ieee oe Surface to 74 ft.....- 
Dor sees eee Surface to 5 ft......- 
Dosa aes: Stee Surface to 54 ft...... 
IDGl aa Surface to 4ft....... 
Waco See te Mixture of 856, 857, 


858, and 859. 
“El Jaguey,”’ in range 
of hills north of 
Guanica Centrale: 
Section A. 
Bection Bice. ct 
“Santa Rita,” hills 
south of Santa Rita 
station: 
SOCLORLA Zs 22S 
Section B.... 


Surface to 3in... 
Surface to 2 ft 


SeetioniGs : 2222204 Surface to 3 ft.....-- 
Be ie we seeped ee nel I Mixture of 878, 879, 
880. 
‘El Horno,”’ in range 
of hills north of Gua- 
nica Centrale: 
SGGHON A fo 28 6 Surface to 12in..... 
StS EI ALY a lel 3 es a | We Gear Fane 
“‘La Ballena,”’ at foot Surface to 1G | Pea eel 


of hills to south of 
Guanica Centrale, 
section A. 
“‘Ventana,’’ Hacienda 
La Ventana, Guaya- 


nilla 
“Caja de Muertos No. 


I,” northeast of 

lighthouse: 
section T.} 2.2.3 .-| Surface to 6 ft....... 
Section Eos. 655% Surface to 23 ft...... 
Section EEEs.. 22.1. Surface to 6 ft.....-- 


and 888. 
‘‘Caja de Muertos No. | Surface to 3 ft....... 
II,’ northeast of 
lighthouse. 
“(La Majina,’’ Barrio | Surface to 4ft....... 
Limon, section A. 
Bayanlono, Batice eto ate ee oss ane 
‘‘Lucero,’ Barrio Ca- 
bachuelas, Morovis: 
Seetion A\: | oj...2.)-puriace to 2it se: 
Section Pt 227-025 Surface to 3 ft....... 
Seehion A fo. 6 of be. 4 te ees ee 
Section B. .........|.Surface.to 67¢.....4- 
peetion Cu. oo ase. Surface to 5ft....... 
“ Achotillo,’”? Barrio 
Cabachuelas Moro- 
vis: 
Section A.........| Surface to 34 ft...... 
Section B.........! Surface to 4ft....... 


Mixture of 848, 849, 


ze eere 


Surface to 3 ft....... 
Surface to 6ft......- 


Mixture of 886, 887, 


Ci- 
Water- 
Total | Nitro-| Nitro- eae solu- ene 
nitro- | gen as gen as ro ria ble bl 
gen am- ni- fad phos- hee 
(N). |monia.| trate. (P, O;). phonic phoric 
acid. 
PELs bok Cb, be Cha) ob Ck: Vor. eb. 1 Pee 
620 Or LAN 2h Ge Lee 
1.81 S12) SSe 2a eee 4,02 
ay eae me aa AFA || ipl tae re 9. 36 
Be iy Da | SOV eee 5.01 
1.42 . 05 At DD. Ort tee a 729 
5. 06 -47} 2.93] 9.39] 1.88] 8.34 
2.76 . 04 » 88 | 10.37 . 64 1.32 
9. 21 538. h0 2. 1071 8. 74.0" 12062|- 75.89 
10.54 | 1.31 22) 8.81 .64 |] 1.88 
| S| be Be ra his WOE aa LW fea? Yon ae 2.70 
1. 86 17s hi We els Deb.) ak v il mew oes 4.03 
3.46 . 06 3: 28) 24 5S clo ee see 5.91 
1.74 . 04 Pe DOR TS 2b eee 3.34 
2.35 SOR. ie Dor TS. 205. ae 2.94 
O9i it SIO 4 ASS Fab PSL 5.19 
LS al ellie phages AOS We see pe 1s 
fee de oe Sate Taal eee 6.12 
1216 a 32 58 SSS ae eee 6.76 
10900 (2 af4 a S290 B16 eee 5. 88 
13.04, )° 32:00) (4.60 | S204) )2o 2. 6. 25 
SEL evecclene see a ee ee 1.15 
Bi W/o) Pesaro se a vie] a 0 | a) ae tee Se 
2.47 . 04 SAT iS. 38 Iseae cck. 3.95 
Pal 2a 2. OO ees case 2.61 
FG Ral Papas cel EUs 3.47. Fn) pebie Salty 11.51 
gS 7a PARES | RN FAS a Mee tapes 4.75 
«SOL ss See Ne SE ae 9.57 
1.01 - 03 SOS) slG3. eee oo 10. 79 
LAF. A Niel Dace tees IN > i fp Ra J P4758) Wee oe 4.58 
Fi Nae et tise US.) a 3d ee 1.63 } 
eS a ee Partner ne A sa ae eee 66 
6.15 -O1 Oa SST | eee a 3. 02 
RL Tne Napcipetemants al abies? TGA ee 1.95 
Bs 7, al ieee rac BSN AE Ds tad. once ay Wy 
HOG Pace eo a Be U1 aa hs Me hy . 85 
pars 3 ipa Igy | ates dal Ge hate . 60 
OS a ee ame Bel i hy 7 epee ot MR Is 7 
740 1.5 ete Sree at MR tee eecceh vas ke 


Name or location of 
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Total | Nitro-| Nitro- 
nitro- | gen as | gen as 


am- ni- 
monia.| trate. 


TaBLE LV.—Analyses of guanos, with their approximate valuwes—Continued. 


952 
953 
954 
955 
956 
957 


958 
959 
960 
961 


me: Description. gen 
(N). 
‘San Miguel,’ Barrio 
Cabachuelas, Moro- 
vis: Pet: 
SectiontAce 22s: Surface to 8 ft. in | 0.90 
southeast corner. 
Dose ce eas oS 54 ft. below 11 
Section 525 0022: Floor, surface to 1 ft. 19 
‘‘LaChiquilla,”’ Barrio 
Cabachuelas, Moro- 
vis: 
Section Al Poses) Suriace (0 2 fb se 62 13 
1D To Eee Bilt oe Surface to 3 ft....... 2) 
“‘Oscura,’’? Barrio Ca- 
bachuelas, Morovis: 
Section A.......-. STO vs tbe es ee 57133 
Dore ores eee Suit bo 4s ib cee eee .51 
Section B. Aas) ede OF Lh soos os. J25 
Sechiom Cl eee 3i in. LOW abe cere .16 
Dashes Sa. ee 3 in. to 43 Li Reads Senegal 5 AF 
Sections A, B, C...} Surface to 3 im. 2.75 
“Capa Prieta, » Barrio | Surface to6in...-..-| .31 
Cabachuelas, Moro- 
vis. 
AVG AR Ao a BiMatOe Th cee tt 
“Pablo Clas,’’ Barrio 
Cabachuelas, Moro- 
vis: 
SechioncAly = 226 2 Surface to 7 ft....... - 80 
DEeliOnsie ee ce ees 5 0 piel Me Re BA RSE ES . 89 
“Toronja,’”? Barrio de 
Cabachuelas de Tor- 
recilla, Morovis: 
Seehion At. 2a .92) Surface to 2 ft_...... 8.92 
Section By. 2 Sit 6025 (hee ceieess . 48 
Sections B and C..| Upper 3 in.......... Boon 
Seetion“Ce= eee Sane fOoe ieee ees 1g: 
fs Cerro Hueco,”’? Bar- 
rio de Cabachuelas 
de Torrecilla, Mo- 
rovis: 
Section" Al... Surface to 2 ft......- .78 
Sectigntht cu Surface to 18 in....-.| 1.59 
PeChiONn Gees aya Surface to 2 ft......- 3.08 
“De los Puercos,” Bar-| Surface to 18 in...... ot 
rio Cabachuelas, Mo- 
rovis. 
“Alta,” Barrio Caba- | Surface to 2ft....... 3.01 
chuelas, Morovis. 
“Archilla, 2B Arr lo 
Cabachuelas, Moro- 
SECHONNVAG see wee Surface to 3 ft.a...... 59 
TERA a lS ead rs Ge sd oe .68 
Seetion Ch cancer Surtace to4S:in.b. ho. BY. 
1D dye eee Sue abd Mabe is Chota oe Wil BRR a 1. 28 
Section D.. | Sirtaed £0'S 1b.¢..52,-- . 60 
““Escalera,’’ Barrio Ca- Surface to 8 ft.a...... set 
bachuelas, | Morovis. 
“‘Convento,”? Barrio 
Hato Viejo Poniente, 
Ciales: 
Section Ay sree) Surface to 1 ft.....-.- 2.34 
IDO oy Sera gem gaa WGA IG eR Poe EFA} 
WOR ee ee ae Surface to 1 ft....... 23 
SECON ee A ce BPN Gu e Ee Re Bia Bis .18 
Section Ci(hoele Cape i282 a eco ce 2 445s . 06 
Section C (holes | Surface toGib, sd: 52 
C-3 to C-6). 
Pate C (hole C-4) Se paz tie. 2 2s 1. a6 
Section C (hole C-7) ou | Fiat IS i pee 55 
Section C (hots ©-8)! 3 62 --doetel 2. 3522 . 99 


a Border of guano still in place. 
6 Guano turned over to extract intermediate black layer. 
e Dirt through which passageway has been cut for pack horses to pass in and out of cave. 


Pct; Bt 
Pe iitid Rise e te | 
epee aa nay 2 ti: 
erin one 
0. 05 0.19 
01 07 
Petal bog, 
Eyal e .79 
eT god 14 
51 .o4 
sal -36 
ipa as foe 
BaF BOW eee ee 
. 04 Al? 


Ci Ap- 
Total Water- trate- prox- 
phos- in solu- | imate 
Be phos- ee value 
aci phos-| per 
(P03). ae phoric| dry 
* | acid. |} ton 
Picts | Pick PP sect. 
BLA Va poerere = 1.52 $3.32 
1 A A al (eee seer pe4 | 43 
ALGO ec ees 2.90 3.28 
BOAT ask pate Iman aed he cy re 
Phd Oya hei a 1. 00 1.40 
Rew aan 6.64] 3.14 
QT AAs eee 10.77 179 
31) EY [ae 2.70 3.00 
Bo Sinise = a Te25 ay / 
SHE OO tk oe 8.11 8. 61 
19:09. (ROR ee 3.76 5.16 
PPR OQUO DN Ree Ta 2.10 DAFA) 
6212) [MOR ae 1.00 122 
NA fest hs [eSetleade et 9.08 10.15 
e228 "Gor see cees 6.99 oS 
Av fad aes 1. 62 10. 78 
Oa | eee ee 1. 26 2222, 
6: 8inies es. 4.17 13.53 
ZUR S THe ee 6. 80 TAZ 
PAS ACH ete Re 5.24 6.80 
UPAR al Pseatsy ss 3.74 9.09 
ANAS Ni ees 6. 45 9.19 
Qoor = eee - 80 1.22 
OAT) lors ac 3. 40 8. 42 
75 bts Il See 2.42 3.60 
P3IRO ee 2.58 3.70 
See 2.56; 4.00 
PASAY ls sate Ne 9.71 13.33 
BERD ade eee 64 1.84 
39565 es. 2-22 5. 96 4.51 
V (eat: 42 Jad eee 2. 87 5.68 
SA OQ tt ee 1. 40 2.81 
26: SASS. os 2. 94 3.40 
29-53 4} 22.22 28 1.50 .95 
aE oe eee 0: S12 
I Ao ah es Se & 14. 92 11. 87 
4505) || 2532 2.77 4.89 
D4213 jzne ee ek 21. 64 e172 
5256 +|/-setees 2.95 4.15 
14 OS Yee 13.18 9.32 
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TasBLE 1V.—Analyses of guanos, with their approximate values—Continued. 


Name or location of 
cave. 


‘‘La Gonzalez,’’ Barrio 
Hato Viejo Poniente, 
Ciales: 


“‘Clara,’’? Barrio Sumi- 
dero, Aguas Buenas: 


Northwest section. 
Southeast section -.|-.--- d 


“Oscura,”’ Barrio Su- 
midero, Aguas Bue- 
nas: 


SEGbloneCiss = sue 
SechioneBee. ss 54|ee cee d 


“Del Rio,” Barrio Su- 
midero, Aguas Bue- 
nas: 

Chamber beyond 
“‘Charco Hondo.”’ 


“‘Biafara No. I,” Bar- 
rio Miraflores, Are- 
cibo. 


‘‘Biafara No. II,” Bar- 
pe Miraflores, Are- 
ci 
“Bernardo Méndez,”’ 
Barrio Bayaney 
(Barroacal o Ange- 
les), Hatillo: 


Section 5 Cape TR EE SARE 


“Vilella,’? Barrio Ye- 
guadilla, Hatillo: 


SectioniA: 2.2325. 


Section, B24. 32 e 


**Ollo Oscuro,”’ Barrio 
Santiago, Camuy: 


Sections A and C.. 
Section=A] 


Section Creek. ses 


“Juan Encarnacion 
Cortés,’’ Barrio Cor- 
rales, Aguadilla. 

Property of Ludovino 
Suarez, Barrio Are- 
nales, Aguadilla. 

“‘California,’? Barrio 
pe aa Moca. 


Nos. I, i, and III, 
property of Mercedes 
einan, Barrio Cor- 
rales, Aguadilla. 
th Honda, ”? Barrio Cai- 
mital Bajo, Agua- 
dilla. 


Property of Antonio 
Herrera, Barrio Cai- 
mital Bajo, Agua- 
dilla: 


Priperty of Pablo Gon- 
zales, Barrio Cama- 
seyes, Aguadilla. 


Surface to 3 ft 


Surface to 6in 


Surface to1 ft 


Surface to 2 ft 
Surface to 4 ft 


Surface to 3 ft 
Surface to 2 ft 


Surface to 3 ft 


Description. 


Nitro-| Nitro- 
gen as | gen as 


monia.| trate. 


WES 


Ci- | Ap- 


Surface to 18 in....-- 
Surface to 2 ft 


were te eel 


Mixture from pile at 
dwelling house. 
Surface to 1 ft 


erceeae 


eeeseeecezr eee ee = 


ee ee 


weet eee 


-ence=t& 


trate-| prox- 
solu- | imate 
ble | value 
phos-| per 
phoric; dry 
acid. | ton. 
Prct. 
0.03 | $0.27 
3. 90 4.40 
2. 20 2.94 
9. 85 4.14 


4.62 5. 32 
3. 60 7. 49 
3. 95 6. 52 
1. 85 4.37 
4.04 | 5.97 
5. 44 5. 35 

49 .73 
2.15 2.55 
2.76 3.04 
2.79 1. 68 
1. 42 1. 76 


7.22 | 35.64 
21.84 | 33.58 


1.86 3. 12 
3. 82 1.92 
3. 52 1.39 


Ab ate | a a 06 
1.59 2.07 

9.21 9. 89 

4. 48 5.07 

1.47 9,71 

1.69 DMT 

RAY ce gale «aoe 84 
Trace .80 

Sdckickd| aire :96 
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TaBLeE IV.—Analyses of guanos, with their approximate values—Continued. 


55016°—18——3 


Ci- Ap- 
Water- 
Lab-| ea spot Total | Nitro-| Nitro- hoe solu- | Tale-| Prox 
ora- | Name or location o See nitro- | gen as| gen as e 
me pe Description. a 8 aa § oxy phoric hos- ble ‘ value 
No. (N). |monia.| trate. (P, = ). oe aidan ace 
* | aei ton. 
Bek. |-P tte) Pct. Peet Pein er 
1009 | Property of Tomas |..... ge 2eo ee COR ee eee 2.62, 5 See 1.54 | $2.90 
Torres, Barrio Cor- 
rales, Aguadilla. 
1010 | Property of Pedro Rol- |..... Tie 5 Se ee SAD Pe ane BES = By RA ois Je 2. 86 3. 64 
dan, Barrio Camas- | ; | 
eyes, Aguadilla. | | 
I9tt |-““Cachilla,”?> Barrio | Surface to Zit: 22... 1.80 0. 03 0:08 | 2R Os 2 th Grad 4. 33 
Cuchilla, Moca. | | | 
1012 | Property of Rafael | Surface to1lft....... 2a 1 ete gt Bera ee ad ee es 1.00 
Domenech, Barrio 
Caimital Bajo, Agua- 
dilla. 
1013 Property of Rafael |..... TT Es pam BA jekcgeesd oe) aie 2QRO Seve ees 2.76 1.00 
Suarez, Barrio Cen- 
tro, Moca. 
1014 | Property of Gabriel |..... Ove PISe tte ee DATS ESL AP Dene Sede Pe oo Fe SS 3. 65 
Pineiro, Barrio Coto, 
Isabela. 
1015 | ‘‘Sin Fin,’’ Barrio Are-|..... B11 cae mat Rh Pty WEE ech ah eee 0 BOS [Eee Uae 6. 29 
nales Bajos, Isabela. 
‘El Jobo,’ Barrio Are- 
nales Bajos, Isabela: 
1016 DeClHON Awl 2. Sess es Gone see Seeks PM oil eeeg ate | Ree oe 73 Sat, Vg) Re ied ede 2. 62 3. 58 
1017 DeCHOR e448 So" 5s ea eae Gorse ae Se ees Wy fn (a Re {eee iT fig ee eee 18. 52 18. 86 
1018 1) Tees, Sarg een (ee dasgac sss Ata ee peas howe SHES [Shea 297) . 2.12 
‘‘Murciélago,”’ Barrio 
Galateo Alto, Isa- | 
| bela: Hues 
1030 Section “3 (subsec- | Surface to 2ft. intact. Un Ieee | pete 2 3: GOs fe Set we 24 . 42 
tion 1 
1031 Bectine . (subsec- | Surface to 3 ft.....-. DG Heat epee? Arco beagle 2.81 3. 09 
ion 2). | ; 
1032 Secon . (subsec- | Surface to 6in.....-. Dike to EOI b OF te Pee DME: 2. 28 4.55 
tion 3). 
1033 Bae 5 (subsec- | Surface to 2 ft......- BK cae pee eee 54 1 | i bee 1. 44 1.74 
ion 5). 
1034 Section D (subsec- | Surfaceto3ft.intact.| .57 |.....-. | Re eee PEGI pic 1.50 2. 67 
tion 5). 
Property of Juan | 
Eusebio Acevedo, 
Barrio Galateo Alto, 
Tsabela: 
1035 sectiontA£: 2) 74k: SE TOUS A eer ES pis pee eee [ian Ske PDS WELELE St 4. 23 4.99 
1036 Doren ease Surface to42 fi Gop [eta as oe pee a! WS SS ieee ees | 9. 33 10. 67 
1037 | “Juan Bautista | Surface to2{t....... cp yield WEL, Sater ee Sie a es 44 he ee 1.94 | 2.388 
Perez,’ Barrio | 
Planas, Tsabela. 
1038 Lhe Oe aes Surface to 3 ft.------ ZS Tae REF SE i AY By | Se 3. 34 4,32 
““Chito Perez,’ Barrio 
Planas, Isabela: 
1039 Section ibaa l | tos fisos aut 4 PS irees. stay ees ae 1 AS EF | eee eee 5. 06 7.32 
1040 Sections III and | Surface to3ft....... Pee hae Pea |) eee FSUy- 8. 58 
1041 Sechior Ii Suns... Hosa at ee Se! 25) wilted age 30.22 |... 2.99! 3.57 
1042 Sechions III and | Surface to 10ft...... AP 4 Wee renee 7a eh | pee ee $25 1.79 
1043 | ‘‘ Pajita,’? Barrio Cal- | Surface to 3ft.....-- 2a) 98 | AS (ee ta 7 i ae 1.93 2. 09 
lejones, Lares. 
1044 Douts = 2 eee ao SP TLL es ae ane AA ee 2 ey | eet ASOS Tee cee . 94 1. 82 
1045 | “‘Sol,’”? Barrio Calle- | Surface tolft.intact.| .76 |.......|--.-... Sas Sl ea a 1.09 2.61 
jones, Lares; main 
(north) mouth. 
‘“Los Cruzes,’’ Barrio 
Callejones, Lares: 
1046 Sections Iland III.| Yellow earth.......- cn |, Si PeREE ee eee Genes 43 4. 43 4.71 
1047 Far end of Section 1; White nodules in- SRIF ee 24 [eer = AER SY toy Be eae 28.66 | 28.82 
closed in guano. 
1048 Section IIT... ....- Surface guano....... SEARS 2) WJDat hs AAs 4,72 5. 34 
1049 Far end of Section I) Surface to 3ft......- 2: g Seed coer be SE Oe a st 15.76 |. 16.52 
1050 | Property of José Maria | 3-ft. layer............| .09 |...-..-. SEGAL SY. Bsr. 1: 1.47] 1.65 
Girao (or Jurant), ie 
Barrio Lares, Lares; 
end of main com- 
partment below rock. 
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TaBLE IV.—Analyses of guanos, with their approximate values—Continued. 


Ci- Ap- 
Water- Pp 
Lab-| Wr Sad Total | Nitro-| Nitro- Cees solu- pel ae 
ora- ame or location o ae nitro- | gen as} gen as e 
tory cave. Description. gen eam aris eee phos- phos a 
No. (N). |monia.| trate. (P, y, phere phoric| dr 
acid. | ton. 
“Jesus Torres,”’ Barrio 
Lares, Lares: PACtxAO EEL NN BesCbel ly Sele Were aebea en Ce 
1051 Section A.........- Loose guano 1,51 |- 0: 15)) 0566) | 24.22 10) 7 4.84 | $8.78 
1052 DECHONED i. sos Usher. beet cranes LIRGIS 2 Paes ae, | ai DUE SUE eRe sae 1.75 4.01 
1053 | “‘Cerro de José Cruz,’”’ | Surface to 1ft....... B75 (Ra he, Net M52 eee 249 1. 92 
Barrio Lares, Lares; 
mouth of cave. 
1072 | * Clara” and ‘‘Oscura,”| Surface to 2ft....... AP Tel ce Re pas ASB Cee tee 3. O1 3. 67 
Barrio Guayabal, 
Juana Diaz; sections 
I, ITT, an and V. 
1073 | ‘ Callo, ? Barrio Vil- | Surface tol ft....... 5. 69 . 06 Mie ACOS We slope 2.58 | 10.64 
lalba Arriba, Juana 
Diaz. 
“Naranjo, ”? Barrio Na- 
ranjo, Juana Diaz: 
1074 Section A........... Surface to 6in...... 1. 96 . 04 2 GS 7a aha 3. 80 6. 21 
1075 Section B.. -| Surface to 3ft....... DEON Fase eames oe FETACG sb bets st tee ate 3. 40 
“Los Santos, ” Barrio 
Vega Redonda, Com- 
ero: 
1077 Section: A: \.36).5 5: Surface to 3 ft....... POD B ayn helio ieias 10D S60 2 Soe 4.49 6. 73 
1078 Section Base) es 2.8 Oe re eRe 2.14 . 04 204 || Lo 28a ee 5. 42 8. 70 
6 Loa Mon al 70 fF 
“Tglesia,’ Barrio 
Vega Redonda, Com- 
erio: 
1079 Sechomia ese ees downs: 2. 00 . 03 BGs Me a Mey 90 paren Nr 3. 61 7.95 
1080 Section hi <= ars See ee GOns. oun ee 2. 34 . 02 -26 | 14.68 |. 22225. 3.16 6. 34 
1081 Sechionm C2224 ae ue. do. Ea Ses iced fe 2 TGS OSs (sia 8.46 | 11.84 
1082 | “‘Guaraguao,”’ Barrio Surface to 2{t......- ECU (nt 7h Oy I cna AGS oe hae 2.16 4.10 
Vega Redonda, Com- 
erio. 
1104t) “ Mlori?” ) Barrios Pua: v.12 io ceeetlie ee St 122 eek wae ao ike 19,945 ee 9.99 | 12.43 
blo Viejo, Pueblo 
Viejo. 


Determinations were also made of the water-soluble potash in 
samples which, on account of their character or location, were likely 
to contain appreciable amounts. 


The results are given in Table V. 


TABLE V.—Water-soluble potash in certain guanos. 


Water- 
Laboratory soluble || Laboratory 
number. potash number. 
(K,0). 
, Per cent. 
(0p Ee ee 0.78 | 8332-22552. 
ay Tienes Be HS gaa See 
BOA W262 PASAT aes es eve 
fol a ee) ae eS I Wis sc pall a a 
Chi ah eae OMRON. ee ey 
SIGA Wen 1.83 || 852A...... 
B28. 5. Sane 1.48 || 854........ 


Water- 
soluble 
potash 
(K,0). 


Per cent. 


Trace. 


Water- 

Laboratory| soluble 

number. CKO). 

K,0) 
Per cent. 

Shoes etk ws 1.59 
SIS at cers 1. 58 
S60 sees at 1. 29 
Sie 1. 83 
of atte NRE poe Qed 
S19 354 Shee: 3. 48 
SSO see eu 4.18 


| Water- 
Laboratory| soluble 
number. potash 
(K,0). 
Per cent. 
SSIV Lee: 4.15 
SSoe cee: .t3 
O85. 38h ake 97 
O38) 25.098 . 28 
ORE RUB. 8 3. 22 
OFS east a: wi 
cae a Trace 


The potash in the other samples, with possibly a few exceptions, 
Table III showed about the quantity 
of potash that could be expected in the ordinary guano. 


can be taken as negligible. 
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It is hardly necessary to point out that some of the samples in 
Tables III, IV, and V represent valuable material and others prac- 
tically worthless deposits. The maximum percentages of the fertil- 
izing constituents found in the 247 samples analyzed were as follows: 
Total nitrogen 13.04 per cent, nitrogen present as ammonia 3.60 per 
cent, nitrogen present as nitrate 4.60 per cent, total phosphoric acid 
41.58 per cent, water-soluble phosphoric acid 2.82 per cent, citrate- 
soluble phosphoric acid 28.66 per cent, water-soluble potash 4.18 per 
cent. The minimum figures found for the different constituents were 
practically zero. It will be noted that in many guanos most of the 
nitrogen is present as ammonia or nitrate. As was to be expected, 
the samples of best material came as a rule from caves in the drier 
parts of the island. 

Samples Nos. 886 to 890 from the small island of Caja de Muertos 
were doubtless formed by birds rather than bats. Many of the an- 
alyses reported in Tables II and IV are similar to those of leached 
bird guanos from Mona Island, as may be seen from the analyses in 
Table VI. 


TABLE VI.—Analyses of guano deposits from Mona Island. 


Total | Citrate- | | 

Labora- | phos- soluble Total | Calcium || Labora- soluble Total Calcium 
tory phoric phos- | nitrogen | sulphate tory aairaeen sulphate 
number. acid phoric (N). (CaSO4). || number. (P,0:). phoric (N). (CaSOx4). 
a 


(P,03) acid cid. 

Diag Ud MS | RIE) Ria ote ee | FRM ene | SOP UE, NG) ce es Wa NS 2 2 ae We Re AA, SRG A SA eee A 
Per cent. | Per cent. | Per cent. | Per cent. Per cent.| Per cent. | Per cent.| Per cent. 

Kloss se 28. 71 13.85 0. 25 UY las Roe ee 8. 00 SOK, 0 51.48 . 
Ly (Leet oe 26. 36 4.76 a5 CABIN DOSS 17.39 3.58 0. 06 55. 93 
ay ie eat am, 14. 38 2. 26 . 08 AS | OGdse case 37.52 23.10 0 21.59 
51Gh ae 4.68 1.60 . 04 5; 20e||- 5962552 = 6. 30 2.39 0 64. 29 
Tie ee ae 32. 25 12. 96 St 22.29) || SOT oss o- 1.87 11 06 Trace 
51832 sock; 45. 41 5. 96 547 62, |) DUS See seek - 85 0 36 Trace 
Yi. 5 Beas 29.14 2. 63 - 08 03991)) G43 2.4 25. 85 EY fil! eee See 25.11 
BSO see ace SF oy 4.97 -30 235; Ole p042- oe YG yee el | ieee eg Fh 6.13 
HSie. jes 41.14 1.88 .10 BALSA G4SR2 tek. ode Ld Di AGh oe es 2. 24 
Lo Dees oh We 26. 20 4.08 . 16 34° UGr it G4452 see 30. 54 Gy2S tl sees 2.19 
VAP eh Be 38. 64 4.56 97 Trace: | 646 47. -.\. 17.10 57! il ae ee a8 14. 36 
Uso go ek Re 27.06 24. 42 04 A OR a | eS ee 9.50 1831 Do nee eee Ae 4.96 
S8beEe ests 12. 77 4.79 42 6.98 || 648....--- 28.19 SPAG Whe Ase 9. 28 
DSGHs eee 3 YA! AL 32 6257512649 52 eee = 21.39 Ae tool (eee eee 4.50 
5Sg7 seers 33.33 1.73 12 07:36 65att2O. 22. 30 1 SON ee Trace 
58825 aie: 3. 06 0 10 ‘Trace ;6545-25- 31.70 UN) Ree bee Trace 
589rry tre FEY | 0. 46 08 ‘Trace.: || G59). 423. 2 26.17 Prt DNer 5 se eeelel ose 
590 sees 2.10 74 21 S- GG4 ss 220 2 21. 62 DO he a 4.18 
5G eres 27.86 1. 06 0 Dears Glos secee8 32.75 GLOSUINEE Cee 28! 14. 47 
Li}! ees 42. 23 21.08 0 SESOCIHTSOS = ae 27. 68 PRG El ee eee eet | ene ste 


The samples from Mona Island represent materials from different 
caves, but by no means represent all the deposits on the island. 


VEGETATION TESTS WITH BAT GUANOS. 
GENERAL METHOD OF CONDUCTING TESTS. 


Many vegetation experiments in pots were conducted to compare 
the fertilizing efficiency of the nitrogen or phosphoric acid in bat 
guanos with the efficiency of the nitrogen or phosphoric acid in stand- 
ard commercial fertilizers. The results from some 2,300 pots are 
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included in this work. The general plan of these tests varied some- 
what from the usual plans, embodying, it is believed, some improve- 
ments. A complete description of the plan and its advantages has 
been published in another place.' 

In brief, the plan was to compare the efficiency of the fertilizing 
element in the guano with the efficiency of the element in a standard 
fertilizer, on the basis of the relative amounts of the elements from 
the two sources required to produce the same increased yields. In 
testing the efficiency of the phosphoric acid, for instance, a series of 
pots received increasing amounts of acid phosphate, while other pots 
received phosphoric acid from different guanos. From the weights 
of the crops grown in the acid-phosphate series a curve was plotted 
showing the amount of phosphoric acid from acid phosphate required 
to produce any increased yield in that particular test. From the 
curve the amount of phosphoric acid from acid phosphate could be 
found which would have been required to produce the same yield as 
that produced by any one of the guanos. The ratio of these two 
quantities of phosphoric acid (from the guano and acid phosphate) 
which produced the same increased yield gave the efficiency of the 
phosphoric acid in the guano relative to that of acid phosphate. 

The efficiency of the citrate-soluble phosphoric acid in acid phos- 
phate in all the following tests was taken as 100 and the other effi- 
ciencies expressed relative to this. Thus, if 2 grams of phosphoric 
acid from a guano gave the same yield as 1 gram of phosphoric acid 
from acid phosphate, the efficiency of the BHaNo phosphoric acid was 
taken as 50. 

Glazed earthenware pots were used as containers. They were kept 
on trucks in a wire inclosure (five meshes to the inch) during fair 
weather, but run into a glass house during rains and violent winds. 

The water content of the soil was kept constant by daily weighings, 
transpired or evaporated water being replaced by rain water caught 
on the glass roof of the plant house. When the plants had attained 
considerable size the weights of the pots plus soil were corrected for 
the added weight of the plants. Plants grown under these condi- 
tions were equal in size to field plants where the maximum fertilizer 
was used. 

Both green and oven-dry weights of the crops from each pot were 
determined, although in most cases it made little difference whether 
efficiencies were calculated from green or dry weights. For the sake 
of conciseness, only oven-dry weights are reported, except in two 
tests (Tables VIII and XX). Determinations of nitrogen or phos- 
phoric acid in the crop were not so essential with the plan emi 
as with the usual method, as has been pointed out.? 

1 Gile, P. L., and Carrero, J. O. A plan for testing efficiencies of fertilizers. Jour. Amer. Soc. Agron., 


8 (1916), No. 4, pp. 247-255, fig. 1. 
2Gile, P. L.,and Carrero, J.O. Loc. cit. 
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Corn (Zea mays), millet (Setaria italica), and rice (Oryza sativa) 
were the crops used. Mullet and rice were grown to maturity, and 
transplanted corn seedlings were grown 30 to 40 days. 

The fertilizing materials were mixed with the first 3 or 4 inches of 
soil in each pot before planting. When a second application of the 
basic fertilizer was used, it was applied to the surface in dilute 
solution. | 


EXPERIMENTS ON EFFICIENCY OF PHOSPHORIC ACID IN BAT GUANOS. 


Plan of experiments and materials used.—In testing the efficiencies 
of the different guanos as phosphatic fertilizers it was necessary to 
conduct the work in considerable detail on account of the many 
factors affecting the availabilities of phosphatic fertilizers. The 
relative efficiencies of different phosphates are known to vary some- 
what with the kind of soil and crop, and to be differently affected by 
liming. There is also supposed to be a difference between the 
efficiencies of phosphates applied immediately to the crop and those 
applied sometime before the crop is planted, Certain representative 
samples of guano were tested with respect to these variable con- 
ditions of soil, crops, liming, and effect of remaining in the soil. 
Most of the samples, however, were tested only for their immediate 
availability or efficiency in one soil, the river sand. 

In the following tests two soils deficient in phosphoric acid were 
used, a river sand? and the Porto Rican red clay.2 The red clay, 
fully described elsewhere, is acid and consists almost entirely of silt 
and clay particles. The river sand is neutral in reaction and con- 
tains considerable coarse and medium sand and a small amount of 
clay particles. It is doubtless derived from clay soil as the river 
which deposits it drains a red clay area. 

The guanos were all compared with acid phosphate as a standard, 
but bone meal, basic slag, finely ground rock phosphate or floats, and 
a leached: bird guano from Mona Island were also used in many tests 
to afford a better idea of the position of bat guanos among phos- 
phatic fertilizers in general. Analyses of these materials are given 
in Table VII. 


1 Porto Rico Sta. Bul. 11 (1911), p. 22. 2 Porto Rico Sta. Bul. 14 (1914). 


22 
TaBLE VII.—Analyses of phosphatic materials used in vegetation tests with bat guanos. 


Total phos-| Water- Citrate- 


Labora- : 
phoric soluble soluble 
Baie, a Material. acid phosphoric | phosphoric 
; (P20s). acid. acid. 
Percent. | Percent. | Per cent. 
730 2?) Basie'slags ALU. - 2 75 90) bee aS: 28s. a 9.57 
730 Acid phosphate...-.. 21. 33 14. 98 17, 27 
750 Mona guanob........ PALS RSE Meee "ela Sane Nea 2. 92 
771 Bone iiteal. 25-3. eT HU 5 Pg tials Bea | pose MeL A A 
822 Pleats: 2-225 2 iat UTS lay eee ese eros 73 


a Fourteen per cent available by solubility in 2 per cent citric acid. 
b Sample from a mixed lot of guano from Mona Island. 


A basic fertilization with nitrogen and high-grade potash salts was 
given to all pots, the quantity being shown under the detailed results 
of the tests.. One-half the nitrogen applied was derived from nitrate 
of soda and the other half from sulphate or chlorid of ammonia. 
The nitrogen was divided between nitrate and ammonia as previous 
work had shown that insoluble phosphates are more available with 
sulphate of ammonia than with nitrate of soda, doubtless because the 
sulphate leaves an acid residue in the soil, the nitrate an alkaline.* 
With the nitrogen divided between the two forms the results are of 
more general applicability. 

Immediate efficiency of the phosphoric acid in sandy soil.—tIn these 
tests, the phosphates were mixed with the soil one or two days before 
planting with corn or millet. The results, therefore, show the im- 
mediate availability of the phosphates for short-time crops. River 
sand No. 213, with a water content of 18 per cent in the dry soil, was 
used in all cases. Detailed results are given in the following table. 
Where a sample has a letter in addition to its number, as No. 263A, 
this signifies that 263A is a subsample drawn from the same lot 
from which No. 263 was drawn. 


1 Prianishnikov, D. N., Ber. Deut. Bot. Gesell., 23 (1905), No. 1, pp. 8-17. Séderbaum, H. G., Landw. 
Vers. Stat., 63 (1905), No. 3-4, pp. 247-262. 
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9 BSTC hema een |e Seen ae Og 662 G62 Fé YS i Ma eggs Peake ph 909 “ON OuBny 
4 Baa GuGaen eee eee ey ee eee 992 6S2 IZ 082 : (iam ese eS eo <= FOS "ON Oueny 
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a a omens Bie are ile omen 1020 PCL 699 689 “ud =F'8 “YIU UWINIPOS}| £0 7% Yo eee ie a 
aaa (GEG A OSES | re ae S| ee eatloees meas erie fe 7 AD 9G 689 9¢9 eT Se ee ae an aD 
we pity Sse ‘| papier eee mae Bee" 1F¢ ¢9¢ or9 OB See ee ae at 
wie Poa (ALSIP ee ee 5 9Sh b8P reg : melas, Se rete 
See ‘Cat (pas [epsawses | gas eee ose jore | eve | Fre Rie fare meaeatieee nner 2! C2) 
saps aia Rite ae eed eer prereset pre ZCT 612 P&Z E ese ee ICU GsOn ON 
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The efficiencies of the phosphates as found by vegetation tests are 
expressed relative to that of acid phosphate taken as 100. Thus, if 
the percentage of total phosphoric acid in a guano be multiplied by 
its efficiency value and divided by 100, the result will be the per- 
centage of phosphoric acid in the guano which is as available as that in 
acid phosphate. For example, No. 321, containing 14.47 per cent 
total phosphoric acid with an efficiency of 27, contains 3.91 per cent 
of phosphoric acid which is as available as that in acid phosphate, 
14.47 per cent X 27 

100 

It will be noted that certain guanos were tested several times. 
Some of these duplications were made to gain an idea of the accuracy 
of the work, others are due to the same guano’s being used in several 
tests of the effect of different conditions on efficiencies.! 

The efficiency of the phosphoric acid in the different samples tested 
varied between 0 and 108. In respect to availability in a sandy soil, 
some of the guanos are, therefore, as good as the best fertilizers carry- 
ing phosphoric acid, while others are practically worthless. In about 
half the samples tested, the phosphoric acid had an efficiency of 20 or 
more, which compares well with bone meal under the same conditions. 
While a large part of the guanos must be considered as phosphatic 
fertilizers of low availability, nearly all were more effective than 
finely ground phosphate rock or floats. 

Six samples of fresh or only slightly decomposed bat manure were 
tested, Nos. 472, 503, 751, 780, 881, and 977. The phosphoric acid 
was of high efficiency in all, ranging from 59 to 108, the average being 
84. In respect to efficiency (not quantity) ot its phosphoric acid, the 
fresh bat manure, therefore, ranks with the best phosphatic fertil- 
1zers. 

Efficiency of the phosphoric acid as affected by the crop.—As differ- 
ent crops are supposed to vary in their ability to utilize the slightly 
soluble phosphates, the relative efficiency of different phosphates de- 
pends somewhat on the crop used as a test. In some cases different 
efficiencies of phosphates for different crops are due to distinct second- 
ary effects of the phosphates, as acidity or basicity.?, This, however, 
is really a question of the interaction between soil and phosphate 
rather than between crop and phosphate. 

When a quick-growing crop requires considerable phosphoric noun 
one phosphate may be more effective than another because it 1s more 


=3.91 percent. 


1 Determinations of efficiency of the same material repeated in different tests agree very closely for the 
most part. In some cases lack of agreement was partially due to experimental errors. Differences due to 
experimental errors, however, were probably small in most cases, as duplicate determinations made in the 
same test agreed very closely. The larger variations, such as occurred with bone meal, were doubtless due 
to real differences in the efficiencies of the materials in the different lots of soil. While the same type of soil 
was used in all the tests reported in Table VIII, different lots were secured for different experiments, and 
these lots of course varied somewhat in character. 

2 The good effect of basic slag on clover has often been noted. 


ol 


soluble, that is, it supplies soluble phosphoric acid at a faster rate. 
Without attempting a detailed discussion of a subject which still 
needs investigation, it may be pointed out that, whether or not 
different crops have different powers of ‘‘feeding’’ on insoluble 
phosphates, it is well established that one phosphate may be much 
more effective than another for a certain crop. 

Table IX has been compiled from the figures in Tables VIII and X 
to XV. 


TABLE IX.—Effect of crop on the availability of phosphoric acid in guanos. 


| 
| 


Efficiency Efficiency 

Source of phosphoric photic acid. Source of phosphoric photic acid 
acid (P20) Crop: |yattaseor| acid 0). | OP. | compare 
acid phos- acid phos- 

| phate= 100. | phate= 100. 

a pare eo 39 || Guano No. 733...--4gmn 7220000 68 
Guand NOL 49722... [fillet -2+-2--22+- 13 || Guano No. 750....-{Core 02727722727 all 
Guano No. 498....-- {Gorn 7227222220 a 37 || Guano No. 780....-HGor< 2222222201 i6 
Guano No. 501....--{Come 20202007 a ty |\ Guan Norges! io: tienen cei. 39 
Guano No. 502....--4Com 2222222227 3 coano No. 77... fale} 13 
Guano No, 508....-.4 lleters----07 a 95 || Guano No. 810.....{Sonet 97702777 : 
Guano No. 504..----Gorn 20.2200 a || Guano No. $11... {Come 2222222207) i 
Guano No. 506..---- {Gone 1220200200 a5 || Guano No. 819... {Corn 7272202027 63 
Guano No. 507...2--{(gnee 000077" 0 30 |} Floats.2:.+--.6-2:-- Yast -- 26 
Guano No. 608....-.{Millet.-----0--2- aay elng. 12th ee ee “76 
Guano No. 509....-- {orn 722220200 ag || Bone meal......... eure a °3 


a Average from several determinations. 


In the above table comparisons are given of the efficiencies of bone 
meal, slag, floats, and 19 different guanos for corn and millet. In 
50 per cent of the cases the difference between the efficiencies for 
corn and millet was 3 or less, the average for the efficiencies of the 
22 samples being 27 for millet and 29 for corn. It is therefore 
apparent that the guanos are equally effective for corn and millet. 

The effectiveness of guanos for rice was also tried, but as the 
growth of rice was increased only 20 per cent by abundant phos- 
phoric acid, few efficiencies could be calculated. Guanos Nos. 502, 
505, 506, and 508 showed no availability for rice in this test. In 
this same lot of soil, the growth of corn was increased 300 per cent 
by phosphatic fertilization and the same guanos which had no 
availability for rice had a very low availability or none for corn. 
This test demonstrates how much less rice responds to phosphatic 
fertilization than corn and shows no greater ability in rice to utilize 
insoluble phosphates than in corn or millet. 
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Efficiency of the phosphoric acid as affected by the kind of soil.—To 
gain some idea of the extent to which the efficiencies of the guanos 
might vary with the character of the soil, acid phosphate was com- 
pared with bone meal, slag, floats, and 12 guanos in the red clay 
soil and river sand. 

Table X gives the results of a comparative test of 8 of the guanos 
in the two soils. In this test 25 millet plants per pot were grown, 
the experiment running from December 30, 1915, to February 17, 
1916, with a basic fertilizer consisting of 8.4 grams sodium nitrate, 
6 grams ammonium sulphate, and 8 grams potassium sulphate per 
pot given in two applications. 


TABLE X.—Effect of soil on ummediate availability of phosphoric.acid in guanos. 
RIVER SAND NO. 213 (46 LBS. DRY SOIL PER POT, WATER CONTENT 18 PER CENT.) 


Efficiency 
Phos- of phos- 
phoric eee phoricacid 
se 9 3S f oven-dry as com- 
Source of One acid pace d Oven-dry yield of individual pots. yield and | pared with 
ae ee probable that of 
2 error. acid phos- 
eke phate= 
100. 
Grems.| Grams.| Grams.| Grams.| Grams.| Grams.| Grams. 
No phosphate so )2 2 sae ee et -6 : 8.2 12.9 ASL AL, 74-0 Be ee eens 
Acid phosphates. (225.- 20344 0. 40 26.9 26.9 25.1 Fal fed esa tn oe 26. 50 Sana c a ee ee 
13 [oer seek rate pe Sed ety ie 3 - 80 34.3 42.7 35.6 Boe Oc vereenone 38. 04-1. Dik. 304 sap oe 
15 [0 festa eek pny ae aes Re cho 1. 28 53.8 46.9 46.3 7 a | acaaee Beg AS ¢ Fibs Zaye toe eee 
ENO he ee among 1.92 57.2 56.5 57.9 70 a i i A 8 da 58. O-:: Gap: ne istece S53 
ASIC SIBG Mee OM One obs ieee 1.60 46.5 48.1 47.8 1 DAA fi ele 0 46.34 .8 73 
Bone meals a sco eee 3. 00 36.5 37.3 36.0 Sh Hate tl Way eel ly 36.2+ .4 25 
BLOBS 2 GOs spree Yok Sei des 8. 00 26. 7 21.3 18.2 DSi Docent 21.141.3 3 
GuanoiNos Gs 7 eee ee we 2. 00 12.1 12.0 14.0 PSSG "re oo oe 14.2+1.0 3 
Guano No? 9282.0 2ee- ee 3. 50 28.8 30. 4 28. 0 SOSO Nee sees 29.34 .4 14 
Eraano NO3936 052 ea 3. 50 47.5 47.7 44.0 TF aT Ay las 48.04+1.2 36 
Guano: No: 9512205 o22 ee oses 2. 50 41.1 41.6 39.6 ASTON ee een» 41.44 .5 38 
Guano No. 966A 2256 Soe 3. 00 31.0 31.0 32.0 SOE PALA nice ea 32.4+ .7 20 
UANIOON GOT Ti ooh oe icae Sere 1.30 43.5 44.2 40.2 BGs eet ni 43.6+ .8 81 
Guano NOD OSL se eee eee ce 6. 00 19.5 Lis 17-2 i toh Sa a Bae 18.6+ .4 3 
Gane NO: 98220 ose ee 2 1.60 30.9 29.4 30.1 SO alesse 30.3+ .2 33 


RED CLAY (41 LBS. DRY SOIL PER POT, WATER CONTENT 35 PER CENT). 


INOwphes plates 5. 4. jose epee eee 12. 2 16. 2 14. 4 15.8 Bee (1S SE OY 6 ee eee 
Acid phosphate...........--- - 40 42.7 42.0 43.5 S4364_ 5 Joey 40.'74A. 44 sees - etc 

ah (1 hd ee Re Se op eae ete - 80 53.5 47.8 45.7 Gs Ay iat yma aes! GUE Ea I eae oa ee 

L0G 2h ee ne pews 2 eae 1. 28 67,8 55.9 62. 4 OIG |i. Ses 61: 4424.7 h.0s4e% - 58. 

1 5 fs Sie Se ES LON NO BE AS eee, 1.92 71.9 73.6 65.9 Giese see T2032. O Release es 
Basigsiseltiy 2 itl Oty 1.60 60.9 55.6 61. 2 (Se ae 59.54 .8 75 
Wonemieale ore eo eo alee 3.00 57.5 66.5 71.9 CO Gt ye 64.142.1 48 
Mledis ses) ost See ss Pee es 8. 00 54.8 65.5 72.5 59. Ol :.. <a eys 63.0+2.6 17 
Guano NorOt7 Joss. reese 2. 00 9.3 15.7 14.9 ri pags 1 EG ais 15.541.7 0 
Guano No; O28: 7itihe.o..22 6: 3. 50 55.7 53.3 52.7 EA] Papacy 2 53.2+ .6 26 
Guano NO. 936 25 vee 3. 50 66. 3 62.2 65.5 Mik Giles ee oe. 67.942.2 47 
Gitano Nooj957 2/20 4352554} 2. 50 46.9 47.8 59.4 AAD preety. 49.642.2 31 
GuanouNo, 90GA5 Fe oh ee oe 3. 00 42.5 43.5 58.9 Goo oe sae see 49.6+2.6 26 
Gano Nes O77 sie) fe 3s 1.30 65. 2 63. 0 51.8 Cl 7h Reeeeoee 58. 642.2 89 
Gunno NoxOst ey eo sees 6. 00 55.8 58.9 64.8 BO lel 2 see ee 59.84+1.2 20 
Guano Noev9842. 15. Lanes: 1. 60 54.5 60. 3 60. 4 Set); eee we 58.14 .9 65 


A summary of all data which show the efficiencies of the different 
materials as affected by the kind of soil is given in Table XI. The 
figures given in this table are averages of the efficiencies of the 


different materials as given in Tables VIII, X, and XIII. 


ao 
TaBLeE XI.—L£ fect of soil on immediate availability of phosphoric acid in guanos. 


Efficiency of phosphoric | Difference 


acid in— between 
—_—____1_1_ _—_— Difference eneieuey 
between Ser ee 
Source of phosphoric acid (P,0s). | efficiency Z ae d 
in clay and expresse 
Red clay Sandy | in Sand as per- 
soil. soil. 3 * | centage of 
| efficiency 
in sand. 
\o.RPer cent 
Se IOMING@N (OCA. £28 en nee Soak te ee ee 50 5 | +45 + 900 
GuanoINorsa ls ay2 52. AEE ee Re ee 48 a 16 | +32 | + 200 
“CRETE TS 7 (RS Se ae ga seca ey RS 2 a 0 3 — 3) — 100 
GUANOPNOMO 282 LEE bey oss Bae NE SY ee SEN IEA ES SRY 26 14, +12 + 86 
AMOR ONOSO Tei oo Feet Se ee i ar Ces Pe aes eee pe 47 3 +11 ofan ee 
GiANOUNON OST ALES ee EEE 2 pee SN PP Beh a 31 a 34 | — 3] _ 9 
Std EXON NEED TOGO Oe Pe ED ian oe ep en Re ea a 26 20 + 6| sa) 3 
pao NOs I00 be. 28 se se. Son SOS a eee eee eee ae 29 8 | +21 | + 263 
SR EPEN ELEN TG pct V7 le ane Site aet O  R ee eee gene atl ge FS eas ence ek 50+ 4 +46. +1, 150 
GUAT OE NON Oeics RP ee eg Ae St a TS ee ee eke Ae Cae 89 vo 94 — 5 — 5 
Re AT ATI OO NG etG) Sy Steere ee ree co Sa BAe SCTE ee ee Sie ee 20 3 +17) + 567 
rad WIOP NMG: OS Fe Ben eee Ms Ber eR EE) 65 33 +32 | + 97 
SLE Me eA i Se oe oe tie Oh eet oer eee Bree Rea Sema 75 a 68 + 7) + 10 
Bilicinesiey.. ccs t2t Sikh exeta these El eh Ee ce | 1 53 a31 +429 | AL 77! 
BN OA ES Secret  e eege E yy ere LENO a ye 123 a4 +19 | + 450 


| 


a Average from several determinations. 


Guanos Nos. 917, 957, 966A, and 977 were no more or only slightly 
more, effective in clay than in sand, while all other guanos were far 
more effective in clay. In some cases guanos of such low availability 
in the sand as to be practically worthless were highly efficient fertili- 
zers in the clay. Relative to acid phosphate, basic slag had about 
the same efficiency in clay as in sand, while bone meal and floats were 
much more efficient in the clay. 

It should be considered in judging these results that the efficiencies 
were measured against acid phosphate, that is, they were relative, 
not absolute. The increased efficiency of some of the phosphates in 
the clay soil may therefore be due to a depression in the effective- 
ness of the acid phosphate, or an increase in the effectiveness of 
the other phosphate, or a combination of the two changes. Which 
of these changes occurred does not affect the choice of what phosphate 
to use on a certain sou although it is important for a knowledge of 
the reactions of the soil. 

Efficiency of the phosphoric acid as affected by remaining in the 
soil.Certain phosphates are supposed to become more available 
through various reactions in the soil. Thus finely-ground rock phos- 
phate is supposed to be more effective after it has remained in the soil 
for a period than it is when applied immediately to the crop.t. As 
nearly all guanos contain most, or a large part, of their phosphoric 
acid in a form which is not immediately available, it was important 

1 Numerous investigators, including P. Wagner, have not been able to establish this, while others have. 


Possibly the nature of the soil is the determining factor, although some affirmative conclusions have 
been based on inadequate data. 
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to know whether they tend to become more available on remaining 
in the soil. Tests were accordingly conducted, using acid phosphate, 
bone meal, floats, and 10 guanos. The effects of these materials 
added to the soil six weeks before planting were compared with those 
- of the same materials added to the soil immediately before planting. 
- Both red clay soil and river sand were used. Detailed results are 
~ given in Tables XII and XIII, and asummary in Table XIV. | 

For the test described in Table XII, millet was grown in river sand 
No. 213 (45 pounds dry soil per pot an a water content of 18 per 
cent), 30 plants per pot being grown from October 12 to November 
23, 1915, with a basic fertilizer consisting of 8.4 grams sodium nitrate, 
6 grams ammonium sulphate, and 8 grams potassium sulphate per 
pot given in two applications. | 

For the test in Table XIII, millet was grown in red clay, 38 pounds 
dry soil per pot with a moisture content of 33 per cent. The plants, 
28 to the pot, were grown from May 10 to June 26, 1916, with an 
application immediately before planting of a basic fertilizer con- 
sisting of 6.3 grams sodium nitrate, 4.5 grams ammonium sulphate, 
and 6 grams potassium sulphate per pot. 
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TaBLE XIV.—Effect of remaining in the soil on the availability of the phosphoric acid 
of guanos. 


| Efficiency of phosphoric acid in 
guanos compared with that of 
acid phosphate= 100. 


heat chet 
oss (—) in 
Source of phosphoric acid . . Guanos efficiency 
(POs). Kind of soil. Both Both applied | Caused by 
applied applied | six weeks oF ivaake: 
six weeks just before,acid| “; Mies : 
before before phosphate hes 
planting. | planting. | just before 
planting. 
GuanowG 797A So oe See Oo oes band See ei. ae a0 af | 15 — 9 
Oa ae Rn er oe Ee ee BY eens eee ate 5 5 37 —13 
1D eRe en tetas Qe VOT Sls Ps Clay, limed...--.. 39 30 | 27 ne 
Cuno NO. SLEAS rn oe 2 Neen eee Sarid so 58 2s 5: Sh). 2k 15 9 8 — 1 
GuanosNoysseAr.. 6% ae Boe rel RS ee oe, 3S atts 37 22 19 — 3 
Ging Nosal ee oe ee Nays oe ae ee see 50+ 48 50+ + 2+ 
Mo 8 2253 tee. oo SO ee Clay, limed....... 25 5 17 +2 
GUAT INO. GOs. 52240 52 coe ao eee SAM e ea eee eS Sense 36 19 20 +1 
Guranot NO. 389.0) sak oe oe ae es igh Ass) 0. oe 17 11 11 0 
GHAMU NU s2os. so toes eee ee Bseise Gor Wea ese 7 6 6 | 0 
Guan No: 9663... 222) eee LQUReby Boece PEC ee 2 oy 29 25 | 4 
Bese Bh ore sed ON re Be Clay, limed ---.-.. Drs As 23 18° | — 5 
Gaano-No597554_o..4)-265-eecs Sion She lgrester oak As pay | aut #3 0 
CCR ale cea et er setae De Pi dita ay; lumed’: 22/2. + 4 
GEE EC TIMS (ORLY iy pena ope arte O Fy ame Ps ISVESS et See oa DW Ta es ees sane ane SON eh 2 a ee 
Dee os ea ne eee Clay, limed....... 88 69 58 —1]1 
Boneamdals.. ccc o fo bee ee ast SEG See ae Ovens Bhs 40 23 21 — 2 
id Tis long gM Beaetet nh Sal RNS SE galas OEAVin cea eee 100+ 57 84 +27 
DG Se ER oe a 2 PER Clay, limed....... 38 22 25 + 3 
GHES at cece cet eaten eee SANG. Peete ees 3° 2 —1 
Digest oe eee ee ee oe ee ee ee 40+ 29 40-+ 4114 
DO eon ete eto eee ea Clay, limed....... 3 1 3 +2 


The third column in Table XIV gives the efficiencies of the guanos 
relative to acid phosphate when all materials were added to the soil 
six weeks before planting, and the fourth column gives the efficiencies 
when materials were added immediately before planting. It will be 
noted that relative to acid phosphate nearly all guanos were more 
effective when applied six weeks before planting than they were when 
applied immediately before planting. This does not show that the 
absolute availability of the guanog and other phosphates was in- 
creased by remaining in the soil, as the greater efficiency relative to 
acid phosphate may be merely due to a depression in the availability 
of acid phosphate produced by remaining in the soil. The fifth 
column elucidates this. 

In the fifth column, efficiencies of guanos, bone meal, and floats, 
added to the soil six weeks before planting, are compared with those 
of acid phosphate applied immediately to the crop. The values in 
the fifth column should be greater than those in the fourth, if the 
availability of the other phosphates has really been increased (rather 
than that of acid phosphate depressed) by remaining in the soil. As 
a matter of fact, most of the materials lost in efficiency by remaining 
in the soil, although they lost less than acid phosphate. In the sixth 
column is shown the amount the materials actually gained or lost in 
efficiency by remaining in the soil. 
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The results in Table XTV show that when guanos remain six weeks 
in the soil, the availability of the phosphoric acid is slightly depressed, 
in others slightly increased, and in most guanos very little affected. 
The availability of bone meal and floats was quite markedly increased 
by remaining in the clay and very little depressed in the sand. 

In the red clay the favorable or unfavorable effect of remaining 
in the soil was more marked than in the sand. 

Liming the red clay tended to diminish the increase or decrease in 
availability produced by remaining in the soil. 

Efficiency of the phosphoric acid as affected by liming.—It has been 
shown by Prianishnikov ‘ and Wheeler ? that the efficiencies of many 
phosphates are notably affected by liming, while others are only 
slightly affected. Obviously the degree to which availabilities are 
affected depends somewhat on the nature of the soil and the length 
of time the phosphates remain in the soil before they are assimilated 
by the crop. 

To gain some idea of how bat guanos are affected by liming, the 
efficiencies of bone meal, floats, slag, and 11 guanos were compared 
with those of acid phosphate in limed and unlimed red clay and river 
sand. Detailed results of the tests are given in Tables XIII and XV, 
a summary of the results in Table XVI. 

For the test in Table XV, millet plants were grown 30 to the pot 
in river sand No, 213 (41 pounds dry soil per pot with a water con- 
tent of 18 per cent). The crop was produced from August 17 to 
September 29, 1916, with a basic fertilizer consisting of 8.4 grams 
sodium nitrate, 6 grams ammonium sulphate, and 8 grams potassium 
sulphate per pot given in two applications. 


1 Prianishnikov, D. Uber den Einfluss von kohlensaurem Kalk auf die Wirkung von verschiedenen 
Phosphaten, Landw. Vers. Stat., 75 (1911), No. 55, pp. 357-376, 

2 Wheeler, H.J. After-effects ofcertain phospates on limed and unlimed land. Jour. Indus. and Engin. 
Chem., 2 (1910), No. 4, pp. 133-138. 
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TaBLE XV.—E fect of lime on availability of phosphoric acid in guanos. 


NO LIME. 


Phos- 
horic 
Source of phosphoric acid 
acid (P20s). applied 
per 
pot. 
Gm 
Nowmbosphates 2525-3253! 22.2283 
Acid phosphate........- | 0.40 
Omer es ee ees | . 80 
a Ys eR Be Uae a aa 1. 40 
DOS RF s2 2S See 2. 10 
Boneiwmesal so ee 3. 00 
Hlesais) 22:4 See eee ack 8. 00 
Basie slave. 2---..0.54-2 1.00 
Guano No. 811A. ....-..-. 6. 00 
Guano NO yRA2 2255.8 3. 00 
Guano Ne. 85k 922525 4. 50 
Guano No, 860.....-...< 3. 00 
Guano No. 889........-. 5. 00 
Guano No, 823... ~~ <- 7. 00 
Guano No, 957....-.-.-- 2. 00 
Guano No. 966B...._...-- 3. 00 
Guano No: Shi 3222 1. 00 


Oven-dry yield of individual pots. 


Gm. 
38. 3 
58. 2 
70. 0 
80. 6 
90. 0 
73.9 
50. 1 
59.6 
54. 7 
63. 2 
68. 2 
76. 6 
66. 1 
52.6 
59. 6 
50.5 
12-3 


~JI > 
NOSRRNSSE 
Nor COR Pw 


60. 4 


D> 
m D COCrO WH 00 00 CO NICO 


moh ® 
wooomS 


> 
Ns 
Co) 


Average 
oven-dry 
yield and 
probable 
error. 


Gm. 
40.4+0. 6 
55.5+ .8 
69.2+ .9 
75.7+2.1 
88.5+ .5 
70.5+1.1 
54. 841.4 
62.0+1.0 
58. 0+2. 3 
63.64 .9 
68.2+1.0 
68.6+1.6 
64.5+1.1 
50.2+ .7 
61.3+41.5 
50.0+ .2 
70.641.3 


ATR-SLAKED LIME, 10 GRAMS PER POT. 


No phosphate..........-|....---- 
Acid phosphate... --..-.-.-- 0. 40 
EO Shs» 5 Sa ee See . 80 
Dok Mes ee 1. 40 
DOL Pep Kari: Fees t 2.10 
Boneimesl S252. es: 3. 00 
WMIGAtST. fsa eet eer 8. 00 
ASICS Arian. Sonat assis 1. 00 
Guano No. ‘811 A......--+ 6. 00 
Guano Nor 8422 2 3. 00 
Guano No. 851....-.....- 4.50 
Guano No; 8602.5... 2c 3. 00 
Guano No, 889........-. 5. 00 
Guano No. 923........-- 7.00 
Guano No, 957.....-...-- 2. 00 
Guano No. 966B.......-- 3. 00 
Guano NO: 977 5. <en2556- 1. 00 


34.7 
53. 2 
62.9 


39.3 
51.2 
48.3 
69. 2 
81.2 
40. 6 
33. 4 
50. 9 
60. 2 


42.9 
46.9 


Oy Or H> + 00 


“I &> GO “I ~™I GO? ~J CO GO H CO SION OO OD 
> He 
PAID ANU POTN aS eG SH 


Or CO SD > He HR On 
OH OrNT CO MD DO DO LW WH ATT CO CO C9 4 00 


oe 
me 
bo 


36. 642.1 
49/6 .7 
58. 641.6 
75.5+1.7 
78.2+ .8 
44.9+1.6 
38.6+1.1 
52.1+1.1 
61.0+ .8 
40. 841.3 
53.7+1.1 
eo 
44.2+1.0 
48.8+ .6 
62.4+ .9 
48.2+1.7 
54.84 .6 


. Efficiency 
eect of phos- 
phoric phates 
acid and 
as com. | ,2Uan0s 
pared in limed 
with soil com- 
that) eed 
aracid with that 
phos- of acid 
phate in | ,, une 
whe sae unlimed 
; soil, 
eA I Pape apar 
Orie ss oe ee 
BO eee es eae 
Bee anes 
7 Li NE setae 
1 nee ae ke 
7 «ol NRO Hk 
|S Sa ace eee 
C9 (ap eas 
>! J er aera 
Ba eee 
OS) Ieee dole 
a: Saal eee} lessees 20% 
9 4 
1 0 
51 31 
15 9 
4 0 
13 8 
5 0 
5 2 
6 3 
47 30 
12 7 
63 38 
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TaBLE X VI.—E fect of limed and unlimed soil on the availability of the phosphoric acid 


of guanos. 
Efficiency of phosphoric acid 
in guanos compared with 
that of acid phosphate=100. | Gain (+) 
a loss 
= yam 
Source of phosphoric acid (P20s). Kind of soil. heopath Guanos ap- | efficiency 
applied Both plied to | caused 
Ae applied | limed soil,| — by 
mimed ee limed | acid phos- | liming. 
cal soil. {phate to un- 
; limed soil. 
| 
GHIAHO NOP (FGA BRS ST. eat are (Gi A ae aE a cape 50 30 40 —10 
Guano NOVSh As. 2 ons shot ee As DAN malta gan 8 15 9 +1 
(Gano, NOL 842) SGa e200 Nie Od ery ee Te ae doe See 21 4 0 —21 
Guano NoiS5l2s i. Soa eek ee [eeebee 0 ie Mesh 8 og 17 13 8 — 9 
Gs Ae eek tan tied Sete een cr eae h@iag at eee oe 48 15 15 —33 
Guano NO :860! ee SC ee ee Sand: 252 aes 26 5 0 —26 
Guano’ INO S80 esac 5 ee ec ee te | Afi: do. 13 5 2 —l1 
Guano NOG 923 eo Aer Ue Se EE Na sete oe (6 sce ire eae tat 4 6 3 — 1 
Guano Ne; O57 OR eer ieee Gone ieee ioe 29 47 30 +1 
Guano Nez S6GB Eos. Pere ee ae ee Yl Teele a COE oy erence, 8 12 7 —1 
8 (oP a te ie POR A Ties hale yi dee ite Clay cep eee eae 29 Ne: 27 — 2 
ane: NO. 75.) cs ohne ee et ae 0 1a ales lela 50 50+ 5 2 —48+ 
Guiano INO; O77 eo 2 ene eee ee eee band dG AEP ah i 93 63 ae —55 
Oe ee ot te ee aera goes 5 Bede tie tie Se St GY he Sah sae 69 BO Neem sree a 
BS OHE ATER ec Mae eee ea ee Sad ett: ewes Bee 31 9 4 —27 
OST EE ie he mee Ben a eek Pa er Ciayeses i eee 57 22 13 —44 
1 OG CoS eel sa RI ALi PA Ri eo ks Neg a oe C6 Wires me il aps Wa 5 1 0 — 5 
Gao EOE AE. te ak nS eros Olay oe eee 29 1 0 —29 
3) eth agen bite Gi Re eb igi: OS eae To Wersiis(G Sibae te ees Bid 59 51 31 —28 


The third column of Table XVI shows the efficiency of the different 
materials relative to acid phosphate when both acid phosphate and 
the materials were added to the unlimed soil; the fourth column gives 
efficiencies relative to acid phosphate in the limed soil. A comparison 
of results in the third and fourth columns shows whether the efficien- 
cies of bone meal, floats, slag, and guanos have been decreased more 
or less than the efficiency of acid phosphate by liming. As the avail- 
ability of acid phosphate was reduced in the limed soil, a comparison 
of values in the third and fourth columns does not give the absolute 
gain or loss in availability produced by liming, but the loss relative 
to that suffered by acid phosphate. 

In the fifth column are calculated the efficiencies of guanos, etc., 
in the limed soil relative to acid phosphate in the unlimed soil. A 
comparison of values in the third and fifth columns, therefore, gives 
the absolute gain or loss produced by liming in efficiency of the 
materials. This absolute gain or loss is expressed in the sixth 
column. 

It is apparent (by comparing values in the third and fourth col- 
umns) that the efficiencies of guanos Nos. 811A, 923, 957, and 966B 
were depressed less by liming than the efficiency of acid phosphate, 
while the efficiencies of bone meal, floats, and all other guanos were 
depressed to a much greater extent than that of acid phosphate. 
The efficiencies of slag and acid’ phosphate were affected about 
equally. 
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In regard to absolute gain or loss in availability (comparison of 
values in third and fifth columns), it can be seen that guanos Nos. 
811A, 923, 957, and 966B were practically unaffected by liming; 
while all other guanos, together with bone meal, floats, and slag, 
suffered moderate to extreme losses in availability. 

Liming decreased the efficiency of the phosphates more in the red 
clay thanin the sand. This was due to the fact that certain materials 
have an enhanced availability in the acid clay (see Table XI). The 
degree to which liming affects the efficiency of phosphates thus de- 
pends largely on the nature of the soil as well as on the character of 
the phosphate. 

The influence of lime on the efficiencies of phosphates applied to 
the soil six weeks before planting was pointed out on page 38. 

Effect of quantity of guano used on efficiency of the phosphoric 
acid.—In the preceding tests some of the guanos had a very low 
availability, only 2 to 10 per cent of that of acid phosphate. It 
was expected that the availability of such materials would be inde- 
pendent of the quantity used in the experiment; nevertheless this 
point was tested, as it is of considerable practical importance. If 
the availability of the materials is independent of the quantity 
used, then a maximum effect can be secured if a sufficient quantity ~ 
is used. 

Table VIII affords detailed results of tests of several different 
quantities of the same guano, summarized results being given in 


Table XVII. 


TABLE XVII.—Effect of quantity ov ls used on immediate availability of phosphoric 
in guanos. 


Efficiency Efficiency 
of phos- of phos- 
Phosphoric} phoric acid Phosphoric} phoric acid 


Source of euesy orl acid |. ig applied| compared Source Shr re eae acid |. uid applied| compared 

aes per pot. | with that of hee per pot. | with that of 
acid phos- acid phos- 
phate—100. phate—100. 
Grams. Grams. 

Guano No. 508. oes ee A eee Glia ths ls | tn S 9 
3.6 9 Gaara Woe. 73424 oi: cS. Zig 39 
Grano:No: 509. ~ oe: Uns 7.2 3 aa 45 
14.4 3 Floats { 6.0 7 
28.8 7-11" | ay | aa, OY ee A TY 1 18.0 4 


Where availabilities varied with the quantity of guano applied, 
the differences were within the limits of experimental error. The 
results as a whole show that the availability of the guanos is main- 
tained when large amounts are used and, therefore, if applied in 
sufficient quantity, they will produce the same increased yield as 
commercial phosphates. 
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Efficuency of the phosphoric acid as ayected by the stage of growth of 
the crop.—An attempt was made to determine whether the guanos 
were equally efficient phosphatic fertilizers at all stages of the plant’s 
growth. It might be thought that the more unavailable phosphates 
would be more efficient during the later stages of plant growth, when 
the root system is more developed, than during early growth. 

The efficiencies of bone meal and seven guanos were tested relative 
to acid phosphate with millet grown 31, 41, and 51 days, or with corn 
grown 39 and 55 days. River sand No. 213 with a water content of 
18 per cent was used, 46 pounds dry soil per pot for the corn, 47 for 
the millet crops. The corn was grown from February 2 to March 29, 
1915, the millet from July 4 to August 24, 1915. At 31 days the heads 
of millet were just appearing, at 41 days seeds were forming but were 
not fully ripe, and at 51 days the seeds were ripe and the plant com- 
mencing to dry. The corn commenced to show pronounced joints at 
39 days (after transplanting seedlings to pots) and at 55 days tassels 
were out on many plants. In order that plants grown 55 days might 
not be restricted in growth by the size of the pot more than those 
oerown 39 days, four seedlings to a pot were planted in the 39-day 
series and 2 seedlings to a pot in the 55-day series, while 29 millet 
plants were grown per pot for all three tests. Results of the tests 
are given in Table XVIII. 


TaBLe XVIII.—EHffect of period of growth of crop on the immediate availability of the 
phosphoric acid in guanos. 


CORN GROWN 39 DAYS. 


Poe Efficiency 
phoric Average nuaeecin 
Source of phos- acid Basic fertilizer Oven-dry yield of individual itele st as com- 
phere arid aD; applied per pot ots yield and | pared with 
(P2035). plied PPC Perot: Be. probable | eee 
ae CEOs ho lanai abies 
ae | phate= 100. 
SF Suhuides re ree ie iene Sates Se ee | 
Gm. Gm. | Gm. | Gm. | Gm. | Gm. Gm. | 
Nophosphate:*~..|.225-5.. 12631. 6) 9) | 8.9 5.9 Pec) Marleen 
Acid phosphate... 0.30}|Sodium nitrate, || 18.4; 16.9; 13.4) 18.7) 9.5) 15.441.1)............ 
DO ose eee .60|/] 8.4 gm.; aim= | 2828! “s2c01 ofse| soos 2k. 7) 80.8421. 8) 2. oo ee 
DOs aes. 2 .90}] monium chlorid, |} 56.2) 34.1} 49.3) 50.8] 45.6) 47.242.5)............ 
DOP. 2 hoes. {3ol{ 5.3 gmsy potas) 69)2" 68:9) GUI 259.8] Glo 2)" 64. 031-4) oo ae 
Dose eee: 2.03/( sium sulphate, |) 86.1) 86.6} 84.3) 87.4) 89.6) 86.84 .6)............ 
Guano No. 500..... 2.40/| 8 gm.; in two]| 42.6} 37.1| 44.4) 33.0) 30.8! 37.641.8 30 
Guano No. 503.-... 1.40}} applications. 63.1; 61.1) 56.1) 64.1) 46.3) 58.142.2 86 
Guano No. 504..... 10. 00 ONG 6.01 | Stay ees. 2) 34.3 8.34 .4 0 
Guano No. 507..... 3. 00 50.2} 47.0} 41.7; 50.2) 45.2) 46.941.1 30 
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TaBLeE XVIII.—Effect of period of growth of crop on the immediate availability of the 
phosphoric acid in guanos—Continued. 


CORN GROWN 55 DAYS. 


Phos- eepieney 
phoric Average |_ 0! Phos: 
i : 3 horic acid 
saber arg aes Basic fertilizer | Oven-dry yield of individual | 0Y°0-dry t ave! 
oe as applied per pot. pots yield and ared with 
(P:0s). plied ; probable | Pinot of 
Leds error. acid phos- 
Be: phate=100. 
| Gm. Gm. | Gm.| Gm. | Gm. | Gm Gm 
No phosphate. 2../2 4252. | 25.4) 33.4) 20.8) 20.2) 24.6). 95 341.9 
By Kt, i 34.4, 18.6) 29.7] 26.0, 19. } SOF raiits ber aera oe 
Acid phosphate-....- - 30) 7. 37.4; 31.8) 57.0) 49.0 
| 43.5| 47.7} 60.2] 46.6] 29.gf 400420-........... 
1G es sin hea - 60 100.1} 79.7) 87.6) 84.8] 96. 81.942 | 
84.7} 83.0} 69.5] 68.2] 65 \ Weed pee ee saa 
ELT ea AE Shae -90||Sodium nitrate, || 104.2) 117.9} 100.3} 108. 4} 102.3 101.042.2 
8.4 gm.; am-|| 87.7] 86.4] 99.0] 112.0] 92 alt Sg Cece ae oa 
Dos s--522--- 1.35}] monium chlorid,|]118.6) 146.6) 144.0) 103. 5} 119. 3)\ 45, 642.9 
5.3 gm.; potas- |} 121.3} 127.6] 107.7] 130. 7| 126 ‘ly gL BEE Rea ee ae 
Dee. Se Ne 2.03) sium sulphate, |)144.0) 147. 4| 167. 1) 140.6] 171.9). 155 g19 5| 
| 8 gm.; in two ||151.6) 142.6] 145.0] 160. 4} 167 \ Tae leita pa a 
Guano No. 500..... 2.40|| applications. 68.0) 82.4) 100.4} 100.0) 114.1 89.243.6 30) 
G No. 503 1 wd Bo "B28 39 eS 7 a1 inetee | | 
uano No. erates : 94. : D. 2. 7 eS 
| 107.6) 122.6| 105.0 110. 4| 100 eee Te 
Guano No. 504..... 10.00 25.0} 39.2) 31.5) 38.5] 27 26.7+1.6 0 
Guano No 807...) 3.0 ef) slates) ah) ao soso al 
uano No. d07....- 3- 107.7 .o) -4[ 95 
| 94.2, 107.9 102.2} 91.0] 78 “\} ee Te 28 
| 
MILLET GROWN 13 DAYS. 
No phosphate. .... | TE 7.8} 10.6} 10. a 10.3} 9.0 9. 5+: Or3). .32. clases 
Acid phosphate...| 0.30 19:6) 0. Ol feeoh TO. TAS 2 1S) Seun4| oe ges 
Pie $5 HELE .60||Sodium nitrate, |] 24.5] 26.7) 26.3) 27.6] 23.5] 25.74 5, sasnag sieges 
Dat. See son: .90|} 8.4gm.;ammon- |} 31.2) 27.3) 30.5) 28.8) 26.9) 28.94 .6)....-.-...-. 
Dassrer | 1.35|| ium sulphate, || 30.4} 33.3/ 32.8) 32.8} 29.5} 31.84 5| E Nae Ree 
Doses te 2202|\.. 6 gm. Notas--\, 33.610, 36.Phisaso) 82.8) 27-1]. S26LE0). ea 
Guano No. 499A... 3.20} sium sulphate, || 20.1) 23.8) 24.6) 26.4) 22.4) 23.54 . (| 16 
Guano No. 503A... 1.40}} 8 gm.; in two || 27.2} 29.2) 29.8] 31.6) 28.7) 29.34 .5 70 
Guano No. 505A...| — 8.00||_ applications. 18.4] 17.5] 15.6) 18.0} 15.0] 16.94 .5 3 
Bone meal......... 3.00 30.0] 29.0] 28.4) 25.3] 29.8] 28.54 .6 29 
Guano No. 818.... 3. 20 28. 4 a0. 28. 4 29.6) 24.4) 28.24 .7 26 
MILLET GROWN 41 DAYS. 
No phosphate...... en ne Zeno PAS. Ti che Or} A. 4 D2 2h 202 74-0 tee hs Be 
Acid phosphate.... - 30 32.0) oot khioO Nh Wy das bo hodes ane es ae & foe ee 
lf) teh pled al ages -60 ||Sodium nitrate, |{41.1 | 43.0 | 44.0 | 38.9 | 45.8 | 42.64 .8|--.......--. 
Dot bt 4: .90 8.4 gm.; ammo-||47.6 | 51.9 | 50.3 | 56.0 | 47.0} 50.641.1 |-.-.-..-.-.. 
WO-e eee ee 1.35 nium sulphate, 6 ||57.1 | 61.1 | 54.0] 51.1] 60.7 | 56.841.3 |........-.-- 
Dez. 285, 2.03 gm.; potassium |; 58.1 | 62.7 | 58.4 | 61.3 | 52.4 | 58.641.1 |............ 
Guano No. 499A...| 3.20 sulphate, 8 gm.; ||37.0 | 40.0 | 41.7 | 47.4 | 32.3 | 37.741.1 13 
Guano No. 503A...) 1.40 in two applica- || 43.0 | 49.4 | 41.9 | 53.4 | 46.7] 46.941.4 54 
Guano No. 505A... 8.00 tions. 29-3] 31.41 28.8 | 34.4 |... 31.04 .8 3 
Bone meal:.-= - .-2 3.00 52.7 | 58.1] 45.2 | 538.9 | 48.6 | 50.741.1 31 
Guano No. 818..... | 3.20 49.7 | 46.8 | 48.9 | 43.7 | 48.4 47.54 .7 25 
MILLET GROWN 51 DAYS. 
| 
No phosphate...... | Sa 44.2 | 34.9 | 44.6 | 40.2 | 42.0 | 41.241.1 |............ 
Acid phosphate. ... 30 60.7 | 49.4 | 55.9 | 54.1 | 46.1 | 53.2+1.7 |......-.-... 
iD ae .60 ||Sodium nitrate, ||63.6 | 63.0 | 57.5 | 62.7 | 63.1 | 62.04 .8]-.......--.- 
Dor 235 oe .90 8.4 gm.; ammo-||63.2 | 63.2 | 68.9 | 68.1} 61.3 | 64.941.0 |..........-.- 
db 71 pose See eee 1.35 nium sulphate, 6 ||73.3 | 65.9 | 69.3 | 77.0 | 79.1 | 72.941.6 |..........-- 
gee oe a 2.03 gm.; potassium |; 88.0 | 78.8 | 90.2 | 92.5 | 79.7 | 85.841.9 |............ 
Guano No. 499A...| 3.20 sulphate, 8 gm.; ||58.0 | 54.8 | 58.0} 57.6 | 60.0 | 57.74 .5 14 
Guano No. 503A...| 1.40 in two applica- |/65.6 | 65.2 | 66.9 | 66.0 | 69.4 | 66.64 .5 71 
Guano No. 505A... 8.00 tions. 48.2 | 44.7 | 48.7) 51.9] 50.8] 48.94 .9 3 
Bone meal......--- 3.00 69:1 | 69.0) 73. 7-| 77.5) 7520 |- 72.9411 45 
Guano No. 818.--.. 3.20 67.1 | 65.2 | 60.4 | 72.0 | 69.7] 66.941.3 32 
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It will be noted that in most cases the agreement between effi- 
ciencies determined at various stages of growth was remarkably 
close. The slight differences that occurred were within the limits of 
experimental error in all cases except that of bone meal. The 
greater efficiency of bone meal at the 51-day than at the 31-day stage 
of the millet crop is probably not due to the fact that bone meal is 
more available to millet during the later stages of growth, but 
rather to the fact that the availability of bone meal is not decreased 
by its remaining in the soil while that of acid phosphate is decreased ! 
(see p. 54). The difference in efficiency of bone meal at different 
periods in the growth of millet is, therefore, due to the action of the 
soil rather than to that of the crop. 

So far as assimilation by the crop is concerned, the guanos seem to 
be as efficient during the early growth of the plant as during the 
later growth. Some guanos, during the latter growth of long time 
crops, may show an increased availability relative to acid phosphate, 
due to a smaller loss of availability in the guanos on remaining in the 
soil. : 
Citrate solubility as a measure of the available phosphoric acid vn bat 
guanos.—Chemical analyses and vegetation tests conducted with 92 
different samples of guano afford data for judging the reliability of 
the citrate method for determining available phosphoric acid in bat 
guanos and leached bird guanos. In Table XIX is shown the per- 
centage of total phosphoric acid in the guano available by the citrate 
method and also the immediate efficiency of the total phosphoric 
acid relative to that of acid phosphate as determined by a vegetation 
test in a sandy soil. As the phosphoric acid of the acid phosphate 
was all available,? the figures for efficiencies in the vegetation tests 
also show the percentage of the total phosphoric acid in the guanos 
which was available. 

In Table XIX, the figures for efficiencies by vegetation tests are in 
many cases averages of the values obtained in several different tests 
with the same guano. They all represent tests, however, of the imme- 
diate efficiency of the phosphoric acid in sandy soil with corn or 
millet. The results in Table XIX were compiled from portions of 
Tables IV, VIII, X, XII, and XVIII. 


1 It should be borne in mind that efficiencies are expressed relative to that of acid phosphate. 
2 Acid phosphate was used in the tests on the basis of the content of available phosphoric acid, not total 
phosphoric acid. 
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TaBLE XIX.—Citrate solubility compared with vegetation tests as a measure of the availa- 
~ bility of the phosphoric acid in guanos. 


cae | Efficiency 
. . of phos- : ‘ of phos- 
ren phonic acid pe phoric acid 
achat compared ortion | Compared 
Source of phosphoric acid re total. | With that || Source of phosphoric acid 2 iiatal with that 
(P2035). Hacnhorie of acid (POs). Hacohore of acid 
P s ee in | Phosphate B nee in | Phosphate 
=100 by =100 by 
guanos. | vegetation guanos. | vegetation 
tests. tests. 
Per cent. Per cent 
Guano IN Os 263 5.28 8.) 4. 22 28 38 2931| Guano: Noj81G Sai 525 5 23 18 
Guano No; 263A: 5.2 555. - 48 38 Guano NOSS18 52.2... 2o5c6 23 26 
Gilanoe Wers2le tela: 22 OT NOG EaAnOyNOs619 fe 22k 98 80 66 
Giugno NOss4A.k ow 2= atee oe 23 9e4) GUuanGING. S2roeacso. 22a ~n 3 2 
Guano NG@J315ite 3 22 21 99;|| Guano Nereehce . co. 1222: 27 14 
Guano NO2S (Ps. oc ees 56 Ault Gt aAnOvNO: S425 c6c5 +e cacen 21 18 
Guano: No2415 3. 32 22: 5 94°)\, GuanoiNo. S46ie28.- 12 ree 11 10 
GitanoyNG. 447. o.. os ee ae 40 96 «|| Guano Nov 851... <.- << «a5: 28 16 
Guano Nos 45822 bi Pia. £22 38 AQ Guano Nes S8d2s. 293 52. 2 3. 89 60 
Guano No. 4602... <.2.5.-5- 43 14>); Guano No: 853-.-<.--—---..- 13 27+- 
Guano Not 27258 siete te 93 94:1 ‘Guano No. 860.222.2622 2- 15 23 
Guano No. 472A ........-- 93 10%; || Guano Wo. 88t >= si so3.5.2 80 65 
GuanomWo. age. ost 23 oe. 18 16' || Guano No: 889.-....------ 34 12 
Guano No; 4982: -.22 3... 2 8 96 1), GuanorNos912.. .5-2 222. 10 1 
Guano No 4992. 22222522: 5 95° 1 Gitano! Ne. 916.222. 52402 5< 10 1 
Guano No. 499A .........- 9 16-1 Guano NosGl7 so. eects a. 28 3 
Guano Ne .b00: 422 28) 2 16 32.1" Guano No: 92355 052.. 2022 20 _§ 
Guano No. 500A: 2258.54: 9 96.1) Guano: No. 928; .(-. 452- s2-- 31 14 
GHanaNe: bees se eee 5 17 I’ Girario No: 931s e222 22s 33 31 
Guang No. 5022 F528 she 16 9 |} Guano No. 932......-...--- 24 19 
Guane No. 50s..22..0 2.3) 81 70: |) Guano No. 936-2. 2. 72. —- 31 36 
Guano No. 503A ...--.->-.- 68 6511 GilanouNo;93902 252. 2.5-4- 26 20 
Giang NOsn04 : tegeh PEee e a te oeiel ep eS Guano Ne.943322 ttt e 12 10 
GAT AIO UNO 505 e se oo es € ele A HeGnanowNoso45 2 2 22k 46 51 
Guano No. 505A... 5.5.22 6 Selie allaAnOUNOs O40 eeu eee 15 10 
Guang: No. 506.6. 95-228. 30 Sin Guane Nios9550. 2-28. 5 2 
Guano Nonb07 S202 21. .2 SAF 99" Guano No: 9572 2a. ee 47 34 
Giano No S08 542. 225. : 13 OA GiManorNO O50. 328 63 33 
Guano} NGT 500 eee eee ee, tee yee eae. Sl) Guano No. 96t. oe 88 49 
Guang NG (3323) 2-2. ee 56 64 1), Guano No. 965. 553.22.5.52 74 18 
Guario No. 734 ro 44 39 || Guano No. 966A ........-.- 38 20 
Guano No 750e2..2 0 11 OFILG nano Os GOO ci fo 2 Aker ee 8 
Guano No. 751.2255). 2% 84 104°) Guano No: 87002. 2.2 46 25 
GHANG NO, a802 255 et ts: 80 ied GliAnO: NOVOLEs 55 ee 68 32 
GHANOINGs 184550005. 8 46 25 || Guano Me: O/o..4 2 oe 11 4 
Guano Nos785... .. 23 3. 5 52 39 || Guano No. 977.......-.---- 92 94 
Guano. 7005. oo 13 Ani Guano: NO: 9182... oe eee ooe 82 87 
Giane: No. 7035 3.4.25. 28 35 || Guano No. 980.=.!...-..-- 13 5 
Guano NO: 70 e ee oe See eee ee 1 ||: Guano No2o8l 22 = 12 3 
Guano NO ob e 39 19.1) Guano Ne: 982)5 vos. 73 33 
Guano No: 797A] oor 50 2A Guano NO. 985t. 558s 22s 72 31 
Guano No: {986 2% ° ok ns 18 Al Guato: Nos d0ll 2 3 aoe 32 11 
GUANO INO TO0e toe. eee 27 Si jl Guano No. 1013. 2022222. 10 2 
Guano. No: 8065-2. . 34203". 34 12 Guano Nps io1s. 5: s28. 9 2 
Guano No. 80722-2622 S. 15 Gr PRlOdtSt eo. sew sees 2 4 
Guano No, 810 23 32 284. +22 16 za ES cy Bere Ok Oe ae ke Ae 78 68 
GiranorNG Shs 2 30 (Scie bone meal. 50 ee thee [ee aes 31 
Guano No. 8i1A. 2... 2. 30 9 


a Solubility in 2 per cent citric acid. 


By the citrate test the 92 samples had an average of 33 per cent of 
the total phosphoric acid available, and by the vegetation test, 26 per 
cent.1 Sixty-four of the 92 samples showed excellent to fair agreement 
between the chemical and vegetation tests of availability. Of the 28 
samples showing poor agreement, 6 gave higher results by the vegeta- 
tion than by the chemical test, and 22 lower results by the vegetation 
test. Fresh, or only slightly decomposed, bat manures showed a 
very fair agreement between the two methods for availabilities. 


1 Where one sample was tested several times, the mean value was used in calculating the general average. 
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It is evident that for most guanos the citrate solubility is a fair 
test of the availability of the phosphoric acid, but with many guanos 
the citrate method gives far too high results. Im some cases a serious 
error would be made in relying on the citrate method. This is not 
surprising in view of the very variable composition of the guanos. 
By consulting the complete analyses of guanos in Table III it is 
apparent that the inaccuracy of the citrate method for certain guanos 
can not be correlated with the content of any constituents, as iron, 
alumina, lime, volatile matter, silica, or sulphates. 

In judging these results it should be considered that the availa-_ 
bility or efficiency of a phosphate is not an unalterable property, but 
is affected by many conditions already mentioned. On the other 
hand, solubility of a phosphate in neutral ammonium citrate is a 
fixed property if the method is rigidly followed. Consequently the 
citrate solubility can not be a true measure of the efficiency of any 
phosphate under all conditions. In a comparison of the citrate and 
vegetation methods for availability, itis, therefore, essential to qualify 
the conditions of the vegetation tests. Under certain vegetation 
conditions the availability of the phosphate should be the same as 
the solubility in ammonium citrate if the chemical method is appli- 
cable to the material. 

It is reasonable to hold that the citrate method, if it is applicable 
to a given, material, should show the amount of phosphoric acid 
immediately available to a crop under conditions where phosphatic 
efficiency is not particularly enhanced or depressed. It is believed 
that in the tests of immediate availability in river sand there were 
no special conditions enhancing or depressing the efficiency of the 
phosphates and that the tests therefore fairly show the applicability 
of the citrate method to guanos. The fact that in these tests citrate- 
solubility was a fairly to exceedingly accurate measure of availability 
with 72 per cent of the samples, but a very inaccurate measure with 
28 per cent of the samples, confirms this idea. The agreement of 
some samples and the nonagreement of others show that the citrate 
method is not applicable to all kinds of guanos. 

Had the vegetation tests all been conducted in the acid clay soil, 
doubtless nearly all guanos would have shown a greater vegetation 
than chemical availability. Such a soil, however, would not be a 
fair medium for determining the applicability of the citrate method. 

Summary of results on efficiency of the phosphoric acid in guanos.— 
Vegetation tests showed that the immediate efficiency of the phos- 
phoric acid in bat and bird guanos varied between 0 and 108, com- | 
pared with 100 for the efficiency of phosphoric acid in acid phos- 
phate. Samples of fresh bat manure had an average efficiency of 84, 
showing that they are almost as available as acid phosphate. About 
half the samples examined had an efficiency of 20 or better, practically 
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that of bone meal under the same conditions. Nearly all guanos had a 
higher immediate efficiency than ground rock phosphate, although 
in a few instances this was lower. 

The guanos were equally efficient for corn and millet, and there 
was no evidence of their being any more efficient for rice. 

Four guanos gave the same efficiency (relative to acid phosphate) 
in a clay soil as in a sand, while eight samples were from 30 to 1,100 
per cent more effective in the clay than in the sand. Bone meal and 
floats also showed increased efficiency in the clay. 

Remaining in the soil six weeks before planting the crop slightly 
increased the efficiency of some guanos, slightly depressed that of 
others, and markedly depressed the efficiency of acid phosphate. 
Bone meal and floats lost very slightly in efficiency by remaining in 
the sand but increased markedly by remaining in the clay. Liming 
tended to counteract the effect of the soil on availability. 

Liming the soil had a practically negative effect on the efficiencies 
of four guanos, but markedly depressed the availability of acid 
phosphate. Relative to acid phosphate these four guanos therefore 
showed increased efficiencies in the limed soil. Seven other guanos 
suffered a marked to an extreme loss of availability in the limed soil. 
Bone meal and floats also lost more in availability than acid phos- 
phate in the lmed soil, while slag and acid phosphate were affected 
about equally. Liming the red clay depressed availabilities more 
than liming the sandy soil. 

It was found that the quantity of guano used did not affect the 
availability of its phosphoric acid. Consequently even guanos of low 
efficiency will produce maximum yields if they are used in sufficient 
quantities. 

The guanos seemed to be equally efficient at all stages of crop 
erowth so far as assimilation by the plant was concerned. However, 
most guanos would show a greater availability relative to acid phos- 
phate with a long-time crop than with a quick crop, as most guanos 
were little affected by remaining in the soil while the availability of 
acid phosphate was decreased. This is an important consideration 
under Porto Rican conditions, as cane, citrus fruits, and pineapples 
are long-time crops. 

It was shown that solubility of the phosphoric acid in neutral 
ammonium citrate was a fair measure of the available phosphoric 
acid in about 70 per cent of the guanos tested, but an inaccurate 
method for some samples. 


EXPERIMENTS ON EFFICIENCY OF THE NITROGEN IN GUANOS. 


Plan of experiments and materials used.—In testing the efficiency of 
nitrogen in guanos the same plan was used as in the work on phos- 
phoric acid. Work on nitrogen was on a less extensive scale than 
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that on phosphoric acid, as only 91 of the 247 samples contained 1 
per cent or more of total nitrogen. Moreover, in 22 of the 91 sam- 
ples 50 per cent or more of the total nitrogen was present as ammonia 
and nitrate, the availabilities of which are known. The object of 
the following tests was to determine the immediate efficiency of that 
part of the nitrogen which was not present in a form of known availa- 
bility. Therefore, as a rule, only samples were tested which had 
less than 50 per cent of the total nitrogen in the form of ammonia 
or nitrate. : 

In four experiments dried blood (containing 14.33 per cent nitro- 
gen) was used as the standard for comparison, and in three experi- 
ments sodium nitrate was the standard. It seemed advisable to 
calculate all the results with sodium nitrate as a basis. In order to 
do this, a value of 71 was assumed for the efficiencies of blood relative 
to sodium nitrate in the last two tests. The value of 71 was assumed 
as being probable from the values actually determined in the other 
tests. The values for the guanos used in these two tests are conse- 
quently subject to doubt within narrow limits. 

Corn and millet were the crops grown. The river sand was used 
in two tests, the red clay in one test, and a mixture of nine parts 
red clay subsoil and one part sea sand (containing 19.4 per cent 
carbonate of lime) in three tests. To promote nitrification, slaked 
lime was incorporated in all soils except the subsoil mixture. 

In the three largest tests efficiencies were calculated from the quan- 
tity of nitrogen in the crop rather than from the mere weights of 
the crop. Efficiencies calculated from the analyses of the crop were 
in most cases practically the same as efficiencies calculated from the 
ereen weights. It was thought necessary to analyze the plants, as 
those receiving blood and some other materials’were later in devel- 
oping and much greener than other plants. No such irregularities 
occurred in the phosphate experiments. 

Immediate efficiency of the nitrogen in guanos.—The tests described 
above and reported in detail in Table XX were conducted to deter- 
mine the efficiency of the nitrogen in guanos when applied immediately 
before planting a short-time crop. In this table the efficiencies of 
the nitrogen in guanos are expressed relative to the efficiency of 
nitrogen in sodium nitrate taken as 100. As all the nitrogen in 
sodium nitrate is available (although not recoverable in the crop), 
the figures for relative efficiency also express the percentage of the 
total nitrogen available under the conditions of the experiments. 
By comparing the figures for efficiency with the figures showing the 
percentage of the total nitrogen present as ammonia and nitrate, it 
can be seen to what extent the organic nitrogen is available. 


1 For this calculation it is considered safe to assume that ammoniaca]l nitrogen has the same availability 
as nitric nitrogen. 
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It will be seen that the 39 samples tested gave quite uniform 
results, since in practically every case the availability of the nitro- 
gen was about equal to the percentage of the total nitrogen present 
as ammonia plus nitrate. The average percentage of total nitrogen 
present in the guanos as ammonia and nitrate was 19.6 per cent, 
while the average availability of the total nitrogen was 20.4 per cent. 
Evidently in nearly all samples only a very small portion, if any, of 
the organic nitrogen was available during the 40 to 50 days of the 
tests. This low availability of the organic nitrogen can not be 
attributed to the fact that the soils used were poor mediums for the 
decomposition of organic nitrogen, since dried blood gave an average 
availability of 71, a very fair value for the duration of the tests. 
Even the samples of more or less fresh bat manure, Nos. 472, 503, 
780, 854, 881, 885, and 977, showed practically none of the organic 
nitrogen available during the tests. 

The fact that only the ammonia and nitrate nitrogen and none 
of the organic nitrogen was available in 40 to 50 days does not mean 
that the organic nitrogen in the guanos will not become available 
later. It is evident, however, that the organic nitrogen is very 
slowly available. The fact that imsect remains, which form the 
more slowly decomposing part of the organic nitrogen of bat guanos, 
are known. to decompose in the soil shows that the organic nitrogen 
is eventually available. Also the fact that, in caves where fresh bat 
manure is being formed, the surface inch of material often contains 
only 2 or 3 per cent nitrogen, shows that the decomposition of the 
nitrogenous compounds is fairly rapid under certain conditions. 

Experiments were made to determine how much nitrogen in bat 
guanos was available in 100 and 140 days, as compared with the 
amount available in 40 to 50 days. Unfortunately, in these tests 
increases in the crop through nitrogen fertilization were not large 
enough to yield reliable results. It is significant, however, that in 
nearly every case the guanos which had remained in the soil the 
longer time gave slightly greater yields. If possible, this work will 
be repeated later. 

In using bat guanos as fertilizers, it should be considered that 
part of the nitrogen (that present as ammonia and nitrate) is imme- 
diately available and that the remainder probably does not begin 
to become available for four months or more. Many guanos, how- 
ever, contain 50 to 90 per cent of their nitrogen in the immediately 
available form. 

VALUATION OF GUANOS. 


In Tables III and IV, a money value per dry ton was given for each 
guano. This value was estimated as follows: The available phos- 
phoric acid was taken as worth 5 cents per pound. Where vegeta- 
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tion tests were made with the guano, the amount of available phos- 
phoric acid as shown by the vegetation tests was used in calculating 
the value, rather than the citrate-soluble portion, but where no vege- 
tation test was made, the citrate-soluble phosphoric acid was taken 
as the amount available. It should be borne in mind that the values 
given for guanos which were not tested vegetatively are not so accu- 
rate as those for the tested guanos because of the inaccuracy of the 
citrate method for available phosphoric acid in certain guanos. 

Five cents per pound was allowed for water-soluble potash present 
in guano. This value was taken as being about that prevailing before 
the European war. The present value (1917) is about 40 cents per 
pound; the future value can not be predicted. The temporary value 
of the guanos containing 2 or more per cent of potash is thus consid- 
erably greater than that given in the tables. 

Twenty cents per pound was allowed tor that portion of the nitrogen 
present as ammonia and nitrate. The remainder of the nitrogen is 
very slowly, although ultimately, available. An allowance of 5 cents 
per pound was thus made tor that nitrogen not immediately available. 
There were 68 samples containing from 0.5 to 1.93 per cent of total 
nitrogen which were not tested vegetatively nor for the solubility of 
the nitrogen in water. Practically all these gave a qualitative test for 
nitrates. A value ci 10 cents per pound was assumed for the nitrogen 
in such samples. This value may he a little too high for some samples 
and too low for others, but the average is considered fair. 

In assigning a value to the guanos, consideration was thus made of 
the immediately available phosphoric acid and potash, and of the 
immediately and slowly evailable nitrogen. No allowance was made 
for the phosphoric acid which was not immediately available. Pos- 
sibly some allowance should have been made for the insoluble phos- 
phoric acid in guanos containing a high percentage, but the value 
should be low, as only on certain souls will this form of phosphoric 
acid show even a low availability. The vaiue of such insoluble phos- 
phoric acid in Porto Rico will be better established when those soil 
areas are known which respond to insoluble phosphates. In regions 
where finely ground rock phosphate is used as a fertilizer, the in- 
soluble phosphoric acid in guanos should have an equivalent value, 
as the availability will average about the same. On account of the 
iow value and efficiency ot ground rock phosphate and because of 
freight charges, there has been no market for this material in Porto 
Rico up to the present time, and this analogy does not establish a 
value here. 

Bearing in mind that the insoluble phosphoric acid would have an 
efficiency only on certain soils, about 1 cent a pound might be allowed 
ior the monetary value of insoluble phosphoric acid in guanos con- 
taining an appreciable amount. Certain guanos like Nos. 796, 807, 
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925, 1018, and 1037, with 21.37 to 38.57 per cent phosphoric acid, 
might have a value for making acid phosphate if they were sufficiently 
low in iron and alumina and if they existed in sufficient quantity to 
render their marketing practicable. 

The values assigned the fertilizing elements were based on usual 
prices prevailing in the eastern part of the United States. They should 
be slightly augmented for Porto Rico, since freight charges raise the 
price of fertilizers in Porto Rico. Transportation to certain interior 
districts of Porto Rico enhances the cost of standard fertilizers still 
further in those districts. On the other hand, it should be borne in 
mind that the valuations given in Tables III and IV are for a dry ton 
of material. The material as procured from the. cave will contain 
considerable moisture, and the value must be reduced according to 
the amount of moisture. 

In deciding the monetary value of guanos relative to standard fer- 
tilizers, it should also be borne in mind that the standard commercial 
fertilizers are uniform products of known efficiency, while the value 
of individual guanos is not so well established. The guanos described 
here which have been subjected to vegetation tests as well as to 
chemical analyses can also be considered as of known efficiency, but 
those which have been merely analyzed are of less certainly estab- 
lished value. For instance, it was shown that the citrate method for 
availability was fairly accurate with 72 per cent of the samples tested 
but very inaccurate with 28 per cent of the samples, the tendency 
being for the citrate method to give too high results. The chances are 
thus about three to one that a chemical analysis will show fairly closely 
the availability of the phosphoric acid. Because of this element of 
doubt a guano high in phosphoric acid not thoroughly tested may be 
worth somewhat less than the valuation given in Tahies ITI and IV. 

All the factors mentioned make it difficult to establish an absolute 
ralue for the guanos, but it is believed that those given in the tables 
are fair. It will be noted that values of the different guanos varied 
between practically nothing and $47.60 per dry ton, the average for 
the 247 samples tested being $7.14. 


GENERAL REMARKS ON BAT GUANOS. 


The analyses and tests reported show the great variation in different 
bat guanos, in respect to their content of the fertilizing elements and 
the avaiiability of these elements. The reasons for the variations are 
given in the first part of this report. Bat guanos, excepting fresh bat 
manure, can not theretore be regarded as a specific fertilizer in the 
same sense as modern commercial fertilizers, or even the old Peruvian 
guano. | 

The fresh bat manure, however, is a fairly definite material in ap- 
pearance, composition, and availability of its phosphoric acid. It is 
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a complete fertilizer, high in nitrogen, medium in phosphoric acid, 
and low in water-soluble potash. The water-soluble potash, of course, 
is all available, the phosphoric acid is ot high availability (ttle less 
than that of acid phosphate), and the nitrogen is in part immediately 
available and in part slowly available. This material is somewhat 
similar to tankave, differing in containing potash, in having part of its 
nitrogen more available and part less available than the nitrogen of 
tankage, and in containing, as a rule, mere immediately available 
phosphoric acid. 

The monetary value of fresh bat manure averages about $33 per 
dry ton. It should be analyzed where practicable, as it is somewhat 
variable, especially where not freshly gathered. 

As fresh bat manure will lose its soluble and valuable constituents 
if exposed to leaching, it is well to extract this material from the 
cave periodically. In Texas some gather the fresh bat manure 
annually. A cave where much fresh manure is being deposited is 
evidently a valuable permanent asset. 

All other guanos, excepting the fresh material, are incomplete 
fertilizers, lacking either potash, nitrogen, or both. All bat guanos, 
however, contain phosphoric acid. As a rule the uncontaminated 
guano increases in phosphate content as the nitrogen content 
diminishes, Most bat guanos are to be regarded as phosphatic 
fertilizers containing a small amount of nitrogen, although some are 
merely phosphatic fertilizers. They ought to be reinforced by the 
addition of other materials before being used for certain crops on 
certain soils. | 

Most bat guanos, but not all, are to be classed with the low-grade 
fertilizers, either because of a low percentage of the fertilizing 
elements, or because of a low availability of the nitrogen or phos- 
phoric acid. This does not mean that they are capable of utilization 
only under certain conditions, although they can be used more 
advantageously under some conditions than under others. As 
guanos contain a variety of other substances besides nitrogen, 
phosphoric acid, or potash, some persons have an idea that they 
ought to have a peculiar fertilizing value because of their very 
complexity. This is not true for the most part, although a few of 
the bat guanos, in common with the old Peruvian guanos, are par- 
ticularly effective for certain conditions because of having their 
nitrogen present in different degrees of availability. Most guanos 
contain more orless gypsum. Little importance should be attributed 
to this, since gypsum has proved of fertilizing value only in excep- 
tional cases, aside from its use on soils impregnated with alkali salts.’ 

1 The favorable action of gypsum on a few soils has been attributed to the furnishing of lime or sulphur, 


the liberation of potash from soil silicates, and the protection afforded by the caicium ion in antagonism 
between salts. 
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Whether it will pay to use a given bat guano to supplement other 
fertilizing materials depends, of course, on the relative cost of the 
materials at the place where they are to be used. The valuation of 
the guanos given in Tables III and IV shows their worth relative to 
standard fertilizers. It is thus possible to calculate the relative 
cheapness of guanos and other fertilizers at different places by com- 
paring values and costs. 

Guanos are what may be termed neutral fertilizers. There is no 
danger of an accumulative acid or alkaline effect from their con- 
tinued or excessive use. However, low-grade guanos containing 
much carbonate of lime should not be applied in large quantities to 
pineapples on very sandy soils. 

Before transporting guanos from the caves the material should, 
in many cases, be screened to remove stones and large concretions 
not easily pulverized, as these have little fertilizing value. If the 
material is to be stored in bags, the bag should be treated with a 
dilute solution of copper sulphate to prevent decay, as guano not 
thoroughly dry will rot through a bag in a few days. ‘This is com- 
monly and erroneously attributed to a caustic action of the guano. 

From the estimated quantities of guanos given in the appendix and 
the valuations assigned in this report, it is evident that bat guano will 
never form an appreciable part of the fertilizer consumed on the 
island. Most of the deposits are too valuable, however, to be neg- 
lected, and even after these deposits have been extracted, fresh 
material will be formed having an annual value of several thousand 
dollars. The fresh material should be removed from the cave fre- 
quently, as it is fairly uniform in composition and in nearly all caves 
(on account of leaching) is worth more when fresh than when partially 


decomposed. 
THE USE OF BAT GUANOS. 


For the intelligent use of any fertilizing material it is obviously 
necessary to know its composition and the availability of its fertilizing 
components. This information concerning most Porto Rican bat 
guanos is given in the first part of the report. It is also necessary to 
know the fertilizer requirement of the particular crop on the particular 
soil, that is, the best fertilizing formula for the conditions. This 
information is not given here, but the following remarks on the use of 
the bat guanos apply to any fertilizer formula. 


USE OF DATA IN COMPOUNDING A FORMULA. 


The following examples will show how the data contained in this 
report should be used in making a fertilizer mixture of required 
formula: Suppose a formula of 3 per cent nitrogen, 12 per cent phos- 
phoric acid, and 12 per cent potash is required and that guano No. 
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793 is to be used in the mixture. One thousand pounds of such a 
mixture would contain 30 pounds of nitrogen, 120 pounds of phos- 
phoric acid, and 120 pounds of potash. Table IV shows that guano 
No. 793 contains 24.87 per cent of phosphoric, acid and Table XIX 
shows that the immediate efficiency of the phosphoric acid is 35. 
24.87 per centXx 35 
100 
immediately available phosphoric acid, or 8.7 pounds in 100 pounds 
of material. To furnish 120 pounds of available phosphoric acid, 


ax 100=1,371 pounds of guano No. 793 is required. As guano 


Guano No. 793 thus contains or 8.7 per cent of 


No. 793 also contains 0.99 per cent of nitrogen, the 1,371 pounds will 
ea AIS 
100 
only safe to allow for an availability of 50 per cent of the total nitrogen; 
therefore, this guano probably furnishes only 6.8 pounds of available 
nitrogen. To furnish the rest of the nitrogen (80 pounds — 6.8 pounds = 
23.2 pounds), about 160 pounds of nitrate of soda would be needed. 
This guano will contain practically no water-soluble potash; thus about 
240 pounds of a high-grade potash salt will be necessary to supply 
the 120 pounds of potash required by the formula. The mixture 
now contains 1,371 pounds of guano No. 793, 160 pounds of nitrate 
of soda, and 240 pounds of high-grade potash salt, a total of 1,771 
pounds. The whole mixture of 1,771 pounds is equivalent to 1,000 
pounds of the 3: 12: 12 fertilizer. 

Suppose guano No. 881 were to be used in this formula instead of 
No. 793. Table IV shows that No. 881 contains 13.04 per cent of total 
nitrogen, but 3.6+4.6=8.2 per cent of the nitrogen is present as 
ammonia and nitrate. Table XX shows that the remainder of the 
total nitrogen has practically no immediate availability. Thus only a 


quarter of the remaining nitrogen, or a = 1.21 per cent, can 


=13.6 pounds of nitrogen. In this guano it is 


be counted on. Guano No. 881 is estimated to have only 9.41 per 
cent (8.20+1.21) of effective nitrogen, which is conservative. To 
furnish the 30 pounds of nitrogen required by the formula, about 
320 pounds of guano No. 881 is needed. In the 320 pounds of guano 
No. 881, which contains 4.15 per cent of potash (see Table V), there 
is 13.3 pounds of potash. For the remainder of the potash about 215 
pounds of a high-grade potash salt will be needed. As guano No. 881 
contains 8.94 per cent total phosphoric acid which Table XIX shows 
has an efficiency of 65, it contains 5.81 per cent of immediately avail- 
able phosphoric acid. The 320 pounds of guano thus furnishes 18.6 
pounds of available phosphoric acid. For the rest of the phosphoric 
acid, 101 pounds acid phosphate or a phosphatic guano, as No. 1017, 
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could be used. As no vegetation test was made with guano No. 1017, 
the citrate-soluble portion, 18.52 per cent, is taken as the available 
phosphoric acid. Of this guano 546 pounds is required. The mix- 
ture thus contains 320 pounds of guano No. 881, 215 pounds of a high- 
grade potash salt, and 546 pounds of guano No. 1017, a total of 1,081 
pounds. The 1,081 pounds of mixture is equivalent to 1,000 pounds 
of the 3:12:12 formula. 

It will be noted that, in using the guanos to make a formula, the 
availability of the nitrogen and phosphoric acid in the guanos was 
considered, as well as the total amount of these elements present. 
It should be borne in mind that in the analyses given in the first part 
of this report percentages are all calculated on the dry material. The 
material as it exists in the cave contains 10 to 60 per cent of moisture, 
and the air-dried material contains 3 to 15 per cent moisture. For 
moist material, the percentages must therefore be reduced and the 
quantities of guano utilized increased. 


MATERIALS FOR MIXING WITH GUANOS. 


Most guanos can be mixed with any of the commercial fertilizers 
without loss of availability in the mixture. A few guanos con- 
taining carbonate of lime, should not be mixed with sulphate of 
ammonia or acid phosphate. A test for carbonate should be made 
by observing whether the guano effervesces with acid before mixing 
a guano with such materials. If it is desirable to use a guano con- 
taining carbonate with sulphate of ammonia, the sulphate of ammo- 
nia should be applied to the soil first and later the guano incorporated 
with the soul. On the other hand, a few guanos contain considerable 
ammonium salts, and these should not be mixed with basic slag, as 
the free lime of the slag will liberate the ammonia. 

As certain guano deposits have a peculiar place utility in being 
located in districts where transportation charges make commercial 
fertilizers particularly expensive, it is important to use them with 
other waste fertilizing materials, if possible. A combination of 
tobacco stems and bat guanos would be equivalent to a complete 
mixed fertilizer, the tobacco stems furnishing potash and some nitro- 
gen, the guano phosphoric acid and some nitrogen. Where more 
potash in proportion to the other elements is desired than can be 
obtained by mixing guano and tobacco stems, wood or bagasse ashes 
can also be applied, although the ashes should not be mixed with 
some guanos. 

Guanos can also be used to supplement stable manure, as stable 
manure is relatively deficient in phosphoric acid. A phosphatic 
guano can be advantageously added to the compost heap as it 1s 
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being formed.!. By making the material more compact, this will 
tend to conserve ammonia. 

Low-grade phosphatic guanos can be mixed with coffee hulls and 
pulp, which contain asmall amount of potash. Doubtless the acetic 
acid produced in the fermented hulls and pulp will aid somewhat in 
rendering the phosphates more available. Experiments, however, 
have not been conducted in support of this conclusion. Composting 
insoluble phosphatic guanos with waste or decaying citrus fruits and 
pineapples or with refuse from pineapple canneries would doubtless 
be quite effective in increasing the availability of the phosphoric acid 
in such materials. 

APPLICATION OF GUANOS. 


In applying the guanos it should be borne in mind that most of 
them contain little water-soluble material. Consequently they will 
be most effective when well and evenly mixed with the soil. 

When fresh bat manure or guanos high in nitrogen and organic 
matter are to be used for young pineapples, the material may be 
safely applied in the crown, as is done with dried blood. Even 
though these guanos should contain considerable ammonia and nitrate 
there will be little danger of injuring the plants, as the bulky nature 
of the fertilizer prevents dangerous concentration of soluble salts in 
any place. Only fresh bat manures or guanos composed chiefly of 
organic matter should be applied in this way, as other guanos, like 
soil, will tend to smother the plant. 


CROPS ON WHICH GUANOS CAN BE USED. 


Compounded with other materials, on the basis of their analysis 
and efficiency, to make the proper formula, guanos can be used for 
any crop. There are some specific features about the guanos, how- 
ever, which make them especially good for long-time crops. 

In the previous pages it was shown that the phosphoric acid in 
guanos lost less in availability by remaining in the soil than that in 
acid phosphate. Consequently when used in mixtures for citrus 
trees, pineapples, sugar cane, yams, coconuts, and other crops of a 
long growing season, Many guanos will show a greater efficiency rela- 
tive to acid phosphate than they will for quick crops like lettuce, 
radishes, etc. This does not mean that guanos are not effective for 
quick crops. If used on the basis of the immediate efficiencies indi- 
cated in the previous pages, they will be equally as effective as the 
standard fertilizers. 

All the guanos contain a considerable portion of their nitrogen in 
an insoluble and relatively unavailable form. To this part of the 

1 Mixing insoluble phosphates with stable manure has been advocated as tending to increase the availa- 


bility of the phosphoric acid, but there is some question as to whether any decided increase in availability 
results from this treatment. 
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nitrogen, a value only one-fourth that of the ammoniacal and nitrate 
nitrogen, was given. It is nevertheless probable that practically all 
this insoluble nitrogen will become available in time. It should 
therefore be regarded as of considerable value for a long-time crop 
or at least for the permanent enrichment of the soil. 


SOILS ON WHICH GUANOS SHOULD BE USED. 


Work is at present under way to determine the relative efficiencies 
of the standard phosphatic fertilizers on the different soils of Porto 
Rico. When this work is completed, quantitative data should be 
available concerning what phosphates are best for the different soils. 

From the general knowledge available on the subject and from the 
availability tests reported here, it appears that bat guanos should be 
particularly valuable phosphatic fertilizers for acid soils and for non- 
calcareous clay soils. On neutral sandy soils they should show an 
efficiency equal to that assigned them in this report, but not an 
enhanced efficiency. On strongly calcareous soils many guanos, in 
common with bone meal and rock phosphate, will have their effi- 
ciency lowered much more than that of acid phosphate. A few 
guanos, however, appear particularly good for calcareous soils, their 
efficiency being less affected by liming than any of the other phos- 
phates. Thus far no analytical method has been found which will 
tell whether or not the efficiency of a guano will be affected by 
liming. 

SUMMARY. 


Deposits of bat guano are especially common in the Tropics and in 
subtropical regions, and their fertilizing value has never been investi- 
gated thoroughly. Generally they are of small size, consisting of a 
few to several thousand tons, and they usually occur in limestone 
caves. 

The material may be roughly divided into fresh bat manure, decom- 
posed guano, and leached or phosphatic guano, although this classi- 
fication is not sharp. Only the fresh bat manure is of fairly constant 
composition, averaging 10.93 per cent nitrogen, 7.29 per cent total 
phosphoric acid, 5.54 per cent citrate-soluble phosphoric acid, and 
2.3 per cent water-soluble potash. The leached phosphatic guano is 
similar physically and chemically to leached guanos of bird origin. 

Attention was called to the manner in which the.different kinds of 
guano were formed and the conditions determining the composition 
of the material and its variation in the cave. 

Twenty-five samples were subjected to a complete mineral analysis. 
No one constituent showed any regular variation with any other con- 
stituent in any sample. The portion of the total phosphoric acid 
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which was available also failed to correspond to the amount of any 
other constituent in the guano. 

Two hundred and twenty-two samples were analyzed for the fer- | 
tilizing constituents only, the maximum percentages found in different 
samples being as follows: Total nitrogen, 13.04 per cent; nitrogen as 
ammonia, 3.60 per cent; nitrogen as nitrate, 4.60 per cent; total 
phosphoric acid, 41.58 per cent; water-soluble phosphoric acid, 2.39 
per cent; citrate-soluble phosphoric acid, 28.66 per cent; water- 
soluble potash, 4.18 per cent. Minimum percentages found in differ- 
ent samples were practically zero for each constituent. 

A number of samples were tested by vegetation experiments in 
pots for the immediate efficiency of their phosphoric acid in a neutral 
sandy soil. Calling the efficiency of the citrate-soluble phosphoric 
acid in acid phosphate 100, the efficiency of the phosphoric acid in 
different bat guanos varied between 0 and 108. About half the 
samples tested had an availability of 20 or more, which compared 
well with bone meal under the same conditions, and in most the 
phosphoric acid was more available than in finely ground rock 
phosphate. 

The phosphoric acid of the guanos was equally available for corn 
and millet. 

Most guanos, in common with bone meal and floats, were far more 
effective in an acid red clay than in a sandy soil. Some guanos, 
however, were no more effective in the clay than in the sand. 

The efficiencies of nearly all guanos relatwe to acid phosphate were 
much greater when applied six weeks before planting than when 
applied immediately. This increased efficiency relative to acid phos- 
phate was due to a depression in the availability of the acid phos- 
phate, as the guanos showed practically no absolute gain in efficiency 
by remaining in either the clay or the sand. 

Four of eleven guanos tested were unaffected in efficiency by liming 
the soil. The remaining guanos, with bone meal, floats, slag, and 
acid phosphate, suffered a moderate to extreme loss in availability 
from liming. 

As the efficiencies of the guanos appeared unaffected by the quan- 
tity used, they should produce maximum yields if applied in sufficient 
quantity. 

The phosphoric acid in guanos was as efficient during the early 
growth of corn and millet as during the later stages. 

In 70 per cent of the 92 samples tested there was fair to excellent 
agreement between efficiencies of phosphoric acid as determined by 
solubility in ammonium citrate and by vegetation experiments. With 
most of the samples where agreement was poor the citrate solubility 
was far higher than the vegetative efficiency. 
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Only 91 of the 247 samples analyzed contained 1 per cent or more 
of total nitrogen. In 22 of the 91 samples 50 per cent or more of the 
total nitrogen was present as ammonia and nitrate. Vegetation 
experiments with 35 samples were quite uniform in showing that the 
nitrogen present in any form other than ammonia or nitrate had 
practically no immediate availability. 

A conservative value assigned the different guanos, on the basis of 
prices of fertilizing elements prevailing before the summer of 1914, 
varies between 0 and $47.60 per dry ton, the average value of the 
247 samples being $7.14. 

General conclusions are drawn concerning bat guanos as fertilizers, 
utilization of Porto Rican deposits, materials with which guanos 
should be compounded, mode of application, and crops and soils on 


which they should be used. 


APPENDIX. 


THE GUANO-CONTAINING CAVES OF PORTO RICO. | 


On account of the many extravagant and misleading statements 
regarding the extent and richness of the guano and phosphate 
deposits in Porto Rico, the Agricultural Experiment Station 
undertook a survey of the guano-containing caves of the island. 
The work was done by Mr. J. H. M. Fallon, who began the survey 
in 1915 and with some interruptions continued it for more than 
a year, 110 caves being explored and the amount and character of . 
the deposits being determined. The examination of the caves showed 
that many of them contain more or less valuable deposits of guano, 
which should be more largely used in Porto Rican agriculture. 

The caves have been classified by Mr. Fallon as follows: Caves or 
cavities formed by the fracture and dislocation of strata in mountain 
sides, the caves being entered through horizontal apertures; sink 
holes or vertical cavities, usually circular in outline and of varying 
diameter and depth; and subterranean river beds or passageways 
abraded by the action of sand, gravel, or rocks carried by water. The 
contents of the caves are of two kinds, bat guano and leached bird 
guano. In certain regions the black or blackish guanos are known as 
‘‘murcielaguina,”’ or bat droppings, and all others are called ‘‘abono 
mineral,’’ or mineral fertilizer. A more accurate classification 
adopted by Mr. Fallon is: (1) Dry, unmodified bat guano, or new 
guano, (2) modified bat guano, which has lost some of its soluble 
contents through leaching, and (8) leached bird guano, or old guano, 
which is still further described as clean or more or less mixed with 
sand, etc. 

Samples were taken from all the caves for analysis and weighed 
in a box of known capacity, and from the weight per cubic foot the 
amount of the different kinds of guano was estimated in tons. 
Analytical data on the various samples of guano are given in the main 
portion of this bulletin. While many of the caves were found to 
contain little, if any, guano, the tonnage in others was large. In 
most instances the marketing of the guanos will be expensive on 
account of the primitive methods of extracting them and the distance 
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of the caves from good roads, but the wider use of this material would 
not only be beneficial in crop production but would furnish soil ele- 
ments usually supplied from expensive imported fertilizers. 

The following lists give the name or owner of each cave visited, its 
location, and the amount of guano of all kinds it is estimated to con- 
tain. The estimates are believed to be conservative and their 
ageregates do not by any means include all the possible supplies of 
the island. 


Approximate tonnage of guano in Porto Rican caves. 


Amount Amount 
Name of cave or owner and location. of Name of cave or owner and location. of 
guano. guano. 
Tons. Tons. 
La Tuna, La Tuna, Cabo Rojo....-.-..-.- 333 || Toronja, Cabachuelas de ‘Torrecilla, 
Los Chorros, Cotui, San German......-- 433 RGRONIS foe se a taeras Uae epee eee 170 
Guaniquilla No. 1, Guaniquilla, Cabo | Cerro Hueco, Cabachuelas de Torrecilla 
EU GIOT te eee esc ee ee 48 MGTIO VIS se es. Seeger ee eee |e 139 
Guaniquilla No. 2, Guaniquilla, Cabo De los Puercos, Cabachuelas, Morovis. .. 51 
Rojo-soyes. f.s secesked ies: gosdee 449 || Alta, Cabachuelas, Morovis: 2-7; 24g 35 
Boquilla, Tierras Nuevas, Campo Alegre. 441 Archilla, Cabachuelas, Morowassis- ce. 611 
Alta Gracia, E] Coto, Manat! 000s.) 10 || Escalera, Cabachuelas, Morovis. - pieit 112 
La Laguna, El Coto, pMeanait> eect 128 Convento, Hato Viejo Poniente, Ciales.- 659 
Los Santos, El Coto, Manatis-2 Ss. See. 17 || Oscura, Sumidero, guas Buenas....... 390 
Central Carmen, Rio Abajo, Vega Baja.. 35 || Clara, Sumidero, Aguas Buenas? 4. ps2: 50 
Miranda, Rio Atriba, V ega Baja.. = 221 || Del Rio, Sumidero, Aguas Buenas... ... 50 
Hacienda J uanita, between Mayaguez Biafara No. is Miraflores, Arecibo... .--.- 201 
and (Las Marinas 225525 se ook 60 || Bernardo Méndez, Bayaney, Hatillo. ... 405 
La Oscura, Rosario, San German....---- 48 || Vilella, Yeguadilla, Hatin sos 0 aay 121 
El Murcielago, Rosario, San German.... 110 || Ollo Oscuro, Santiago, Camuy? «. 2.1354 976 
El Colorado, Rosario, San German...-.--- 110 || Ludovino Suarez, Arenales, Aguadilla... 33 
El Convento, El Cedro, Pefiuelas........ 924 || California, Centro, Moca.). er Oe. 100 
Mapancha El Coto, Petnelas: 7 ons. 483 || Rafael Suarez, Centro, MOC Ae oe 2k o's og 50 
Pascual, El Cedro, Pefiuelas........-...- 439 || Cuchilla, Cuchilla, Moers. eh Ge 100 
El J aguey, north of Guanica Centrale... 16 || El Jobo, ’ Arenales Bajos, Isabela... f 172 
El Horno, north of Guanica Centrale. ... 12 Murciélago, Galateo Alto, Isabela.. 67 
Santa Rita, south of railroad station..... 127 || Juan Eusebio Acevedo, Galateo Alto, 
La Ballena, foot of hillssouth of Guanica Sa el aati a ee eee ho oN s Jane 447 
(GOB n ot) [ovguk Ge oe (el peas Baie ean tee le 217 || Juan Bautista Perez, planes; Isabela. . 133 
Cala eS Muertos No. 1, northeast of light- Chito Perez, Planas, aSabelacs: tf. a6! 214 
Bae ms igs en mele seal are oa ne 91 || Pajita, Callejones, Marc en ee 50 
Caja a Muertos No. 2, northeast oflight- Los Cruzes, Callejones, ares... Uae: 40 
OUSC oe oles pape 8) eS cee 2k os ae 25 || Jose Maria Girao, Lares, HGS 0. 2350 2 aoe. 30 
iia Mana timo cee ee ee. 11 || Jesus Torres, Lares. Lares...........-..- 100 
Lucero, Cabachuelas, Morovis: >. 2 676 || Callo, Villalba Arriba, Juana Diaz...-..- 20 
Achotillo, Cabachuelas, Morovis...------ 414 Naranjo, Naranjo, Juana Diaz......-..-- 110 
San Miguel, Cabachuelas, Morovis.....-- 224 Los Santos, Vega "Redonda, Comerio. . 212 
La Chiquilla, Cabachuelas, Morovis..... 90 || La Mora, Vega Redonda, Comerio...---- 285 
Oscura, Cabachuelas, Morovis........... 3,144 Guaraguao, Vega Redonda, Comerio. - -- 30 
Capa Prieta, Cabachuelas, Morovis. ..... 67 


Pablo Clas, Cabachuelas, Morovis......- 575 | WT Obese sae SEEN Ft oe eae 16,141 
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In addition the following caves were explored and little or no 
guano found: 


Three small caves, Rosario, San 
German. 

Ventana, Hacienda La Ventana, 
Guayanilla. 

El Negro, Duey, Yauco. 

La Pacheca, Naranjo, Yauco. 

Concho Clas, Cabachuelas, Morovis. 

La Gonzalez, Hato Viejo Poniente, 
Ciales. 

Biafara No. 2, Miraflores, Arecibo. 

Juan Encarnacion Cortés, Corrales, 
Aguadilla. 

Celestino Cortés, Corrales, Agua- 
dilla. 

Ramon Afieses, 
dilla. 

Mercedes Reinan, Corrales, Agua- 
dilla. 

Tomas Torres, Corrales, Aguadilla. 

El Islefio, Corrales, Aguadilla. 

Hondo, Caimital Bajo, Aguadilla. 

Golondrina, Caimital Bajo, Agua- 
dilla. 

Antonio Herrera, Caimital Bajo, 
Aguadilla. 

Pablo Letri, Caimital Bajo, Agua- 
dilla. 

Sergio Llore, Caimital Bajo, Agua- 
dilla. 

Felipe Llore, Caimital Bajo, Agua- 
dilla. 

Pablo Gonzalez, Camaseyes, Agua- 
dilla. 


Corrales, Agua- 


Pedro Roldan, Camaseyes, Agua- 
dilla. 

Mamaleona, 
dillas. 

Rafael Marichal, Cacao, Quebra- 
dillas. 

Gabriel Pineiro, Coto, Isabela. 

Domingo Fernandez, Mora, 
bela. 

Barreto, Arenales Bajos, Isabela. 

Cafia de la India, Arenales Bajos, 
Isabela. 

Sin Fin, Arenales Bajos, Isabela. 

Sol, Gallejones: Lares. 

Antonio Quily, Callejones, Lares. 


Terranova, Quebra- 


Isa- 


| De Agua, Callejones, Lares. 


Seca, Callejones, Lares. 

Gregorio Velez, Callejones, Lares. 
Tayote, Callejones, Lares. 

Jose Alisea, Callejones, Lares. 
Celestino Rivera, Callejones, Lares. 
Cerro de José Cruz, Lares, Lares. 
Clara, Guayabal, Juana Diaz. 
Oscura, Guayabal, Juana Diaz. 
Iglesia, Jaguey, Juana Diaz. 

El Gigante, Vega Redonda, Co- 
merio. 
Cachimbo, 
merio. 
Iglesita, Vega Redonda, Comerio. 

Honda, Vega Redonda, Comerio. 
Rafael Domenech, Caimital Bajo, 
Aguadilla. 


Vega Redonda, Co- 


Information and detailed data regarding all the above-named 
caves are in the possession of the experiment station at Mayaguez. 
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